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dusTRaT 

As a par t  of t he  agreement with NASA under in s t i t u t iona l  grant No. 

WsG-338, the  University of Maine reports semi-annually t o  NASA on projects  

supported under the grant. This document summarizes research ac t iv i ty  for  

the period July 1 t o  December 31 1965. 

IWTRoDllcTION 

Several of the projects  i n i t i a t ed  in 1962 have terminated while others  

approved last spring a r e  j u s t  gett ing under way. 

is proceeding sa t i s f ac to r i ly  and is resul t ing i n  student theses and journal 

publications. 

In general the research 

The University of Maine Space Research Committee, which has respons- 

i b i l i t y  for approving projects  and awarding funds under our fns t i t u t iona l  

grant, f e e l s  encouraged because of the increased in t e re s t  in space related 

research and because of the  general improvement in quality of proposals t o  

t h e  Committee. 

COMPLETED PROJECTS 

Below are l i s t e d  projects  which have terminated since the last semi- 

annual report .  

from transfer  of the principal investigator t o  another educational i n s t i t u t ion  

or to industry. 

- T i t l e  Investigator(s1 Department ( 8 )  

Application of Modern Communication D r .  E. M. Sheppard Electrical 
Theory Techniques t o  the Analysis 
of Electrocardiographic Functions 

Project resulted i n  two M.S. theses and led t o  project with 
Anha1 Sciences Department, 

This resulted from achievement of the  research objective o r  

Engineering 
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- T i t l e  Investinator(s) Department ( 8  1 

Effect of Increasing CO2 Tension of 
Inspired Air on Nutrient Intake and D r .  B. R. Poulton 
Diges t ib i l i ty  

Dr. W. H. Homer Animal Sciences 

An M.S. t hes i s  and a manuscript f o r  publication are belng 
prepared. This project  resulted in fur ther  work involving 
A n i m a l  Sciences and Elec t r ica l  Engineering with assistance 
from the Animal Pathology Department. 

In te r re la t ions  of Type of Atmosphere, 
Carbon Dioxide Concentration and 
Chemical Stimulation of the  
Photosynthetic Response in Green Plants 

Dr. G. R. Cooper Botany and 
P l a n t  Pathology 

A new investigation on "artificial gravity" has resulted 
from this project.  

Design and Study of a New Apparatus D r .  R. I). Dunlap chemistry 
for  the Determination of Second Virial 
Coefficients of Organic Vapors 

Resulted in an M.S. thesis .  

Discontinuous Rate Compensation fo r  Prof. W. W. Turner Elec t r ica l  
Servo Systems Engineering 

Led t o  two M.S. theses and a maouscript, included In the  Appendix 
of this report ,  which has been submitted for  publication, 

A Force-Momentum Demonstrat ion 
Apparatus 

Dr. G, T. D a v i s  Education and 
Prof. R. C. H i l l  Mechanical 

Engineering 

Research completed. Publication expected. 

Study of Interface phenomena in Prof. C. A. Bouc Engineertag 
Filament Wound Glass Reinforced 
P l a s t i c  Composites 

0 r8ph ice 

Prof, Bouc has moved t o  another ins t i tu t ion .  
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Cardiac Potentials 

A Tunnel-Diode Transmitter for the 
Measurement of Gastric Acidity 

Title Investigator(s) Department (s) 

Solid State Amplir'ier for Measuring 

- 
Prof. H. T. MacFarland 

Electrical 
Engineering 

II 

Prof. MacFarland baa taken employment in industry. 

ACTIVE PROJECTS 

Below are listed the research projects now being conucted at Maine 

under NASA support. 

An Investigation of the Effects of Dr. D. W. Wylie Physics 
Radiation on BaF2:Gd and SrF :Gd Using 
The Electron Spin-Resonance ?En) 
Tech n L q ue 

Response of Green Plants to Artfficial 
Gravity as 3irmrlated by Electrostatic Plant Pathology 

Dr. G. R. Cooper Botany and 

Fields and Applied Potentials 

Variations in Biochemical Properties Dr. J. R. Cook Zoology 
of a Photosynthetic Protist as a 
Function of Environmental Conditions 
in Chemostat Cultures 

Electron Temperature Measurement for Dr. G. S, Harmon physics 
a Radio Frequency Discharge in a 
Magnetic Field 

Function of Abnormally Fragile Tissue Dr. J. A. S m i t h  Biochemistry 
Membrane in Fatigue-Induced Stress 

a!i . 3 L d ) f  ..- UJ. nJ---*a~*~t** U A & G Y ~ L V I & & - J  sf pl,=t Tissue Dr. A, R. Whitehill Bacteriology 
in Animals and the Effect of Stress on Dr. F. H. Bird 
the Metabolism of Plant Tissue Culture 

Effect of Metabolic Rate and Loading on Dr. C. W. Major 2 oology 
Temperature Regulations and Survival in 
a Highly Conductive Atmosphere 

University of Maine Space Lecture Dr. B. R. Poulton General 
and Consultation Series Chairman University 
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T i t l e  - Invest igator(s1 

D r .  U..%. Hoover 
D r .  E. M, Sheppard 
D r .  B. R. Pau'lton 
Prof. C. H. Brown 

Department ( 8 )  

A Bio-Engineering Study of Effects of 
0 2  Stress  on the Physiology and 
Nutrit ion of Animals 

Animal Sciences 
and Electrical 
Engineering 

The Dfmeasionality and Cognitive 
Demands of Certain Science and 
Mathematic Problems a d  Their 
Relationships t o  Convergent and 
Divergent Thinking Tasks and Anxiety 

Education Dr .  F. W, ohnmacht 
D r .  G. T. Davis 
D r .  John Lindlof 

Study of Atti tudes Concerning Death Sociology 

Psychology 

Dr. G. M. Vernon 

Classical Eyelid Conditioning i n  Rats: 
Bioelectr ic  Correlates 

D r .  E. C. Ebel 

Concerning S t r i c t l y  Singular Operators Mathematics Prof. R, B. Mericle 

Investigation of Parameters 
Fundamental to Optimization of Drag 
Turbines 

Nechanical 
Engineering 

Dr. W. L. Schneider 
Prof. J. G. Rlavuhn 

The Effect  of Repeated Rolling Contact 
S t ress  Fields  on the Microstructure 
of High Carbon Medium Hardness Steel  

Mechanical 
Engineering 

Prof. John Lyman 

RESEARM PROGRESS DURING PERIOD JULY 1 TO DECEMBER 31, 1965 

Summaries of research conducted under each of the ac t ive  projects  are 

reported i n  the Appendix. 

Respectfully submitted, 

T. I?; mrry / 
Space Research 

Commit tee : 

Dr. Ralph E. Armington 
D r .  George F. Dow 
D r .  Franklin P. Eggert 
Prof. Richard C. H i l l  
D r .  Edward S. Northam 
D r .  H. Austin Peck 
D r .  Bruce R. Poulton 
Dr. George A. Prescot t  
D r .  Frederick 3. hdke 
D r .  Arnold H. Raphaelson 
D r .  Benjamin B. Speicher 
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R e s e a r c h  progress reports on the following projects for the period 

July 1 to D e c e m b e r  31, 1965: 

DISCONTINUOUS RATE COKPENSKfIOM FOR SERVO !SYSTEMS - Prof. W. W. Turner 

AN INVESTIGATION OF THE EFFECTS OF RADIATION ON BaF2:Gd and SrFp:Gd USING 
THE ELECTRON SPIN-RESONANCE (ESR) TECHNIQUE - D r .  D. W. Wylie 

RESPONSE OF GREEN PLAWTS TO ARTIFICIAL GRAVITY AS SIMULATED BY ELECTROSTATIC 
FIELDS AND APPLIED POTENTIALS - Dr. G .  R. C o o p e r  

VARIATIONS I N  BIocfiEMICAL PROPERTIES OF A PHOTOSYNTHETIC PROTIST AS A FUNCTION 
OF ENVIRONMENTAL C0M)ITIONS I N  CHKMOSTAT CULTURES - D r .  J. R. Cook 

ELECTRON TEMPERATURE MEASUREMENT FOR A RADIO FREQUENCY DISCHARGE I N  A MAGNETIC 
FIELD - D t .  G ,  S. Harmon 

THE FUNCTIOBI OF ABN0RMP;UY FRAGILE TISSUE MEMBRANE I N  FATIGUE-INDUCED STRESS - 
D r .  J. A. Smith 

EFFECT OF METABOLIC RATE AND LOADING ON TEMPERATURE REGULATIONS AND SURVIVAL 
IN A HXCHLY CONDUCTIVE AmOSPHERE - D r .  C. W. Major 

UNIVERSITY OF W I N E  SPACE LECTURE AND CONSULTATION SERIES - Dr. E. R. Poulton 

A BIO-ENGINEZRING STUDY OF EFFECTS OF C02 STRESS ON THE P H Y S I O L ~  AND 
NUTRITION OF ANIMALS - Drs. 14. H. H o o v e r ,  E. M. Sheppard, et a1 

TfEE DIMENSIONALITY AND COGNITIVE DEMAw)S OF CERTAIN SCIENCE AND 
PROBLEMS AND THEIR RELATIONSHIPS TO CONVE3GENT AND DIVERGENT THINKING TASKS 
AND ANXIETY - Dr .  F. W. Ohmnach t  et a l  

STUDY OF ATTITUDES CONCERNING DEATH - Dr. G. M. Vernon 

CLASSICAL EYELID CONDITIONING I N  RATS: BIOELECTRIC CORRELATES - Dr .  E. C. E b e l  

CONCERNING STRICTLY SINGULAR OPERATORS - Prof .  R. B. Mericle 

TrmESTIGATION OF PARAMETERS FUNDAMENTAL TO OPTMIZATION OF DRAG TURBINXQ - 
D r .  W. L. Schneider and Prof. J. G. Klavuhn 

THE EFFECT OF REPEATED ROLLING CONTACT STRESS FIELDS ON THE MICROSTRUCTURE OF 
HIGH CARBON MEDIUM HARDNESS STEEL - Prof. John Lyman 

N o t e :  Copies marked "ASTER" contain one-of-a-kind photographs, graphs or  
brochures 



DISCONTINUOUS RATE COMPENSATION OF SERVO SYSTEMS 

Professor Walter W. Turner 
Department of Elec t r ica l  Engineering 

Introduction 

A l a rge  volume of work has been accomplished in the  recent pas t  on 

optimalizing a control system i n  the  sense of minimum time t o  accomplish 

some prescribed task. 

bounded in magnitude, minimum response t i m e  is reali8ed i f  the system is  

operated "bang-bang" so tha t  maximum correct ive act ion is taken at a l l  

t i m e s .  

switching from maximum pos i t ive  to maximum negative correct ive act ion 

must occur a t  e rac t ly  the  r i g h t  point and t h a t  the s y s t m  be shut off or 

corrective act ion removed at the exact ins tan t  when the system state 

var iab les  are a l l  zero. Both of these conditions are d i f f i c u l t  t o  realize 

in prac t ice  and if they are not sa t i s f ied ,  l i m i t  cycle or other undesirable 

2 operation may result .  

Results show tha t  if the  control var iables  are 

Successful operation under these conditions requires tha t  

Consider a system with tachometric feedback which is  driven by a s tep  

function. 

such that the  system is quite underdamped but is reversed a t  an appropriate 

t i m e  so t h a t  t he  system is overdautped, 

might exhibi t  a small overshoot and a short  s e t t l i n g  time without requiring 

the exact switching of the  bang-bang control. 

w i l l  be referred to  as a discontinuous rate compensated (DRC) system. 

Assume t ha t  the sense of the  t8chOmetric feedback is i n i t i d l y  

XE wouid appear thet si& 8 ~;St==z 

The system j u s t  described 

This paper develops a ju s t i f i ca t ion  fo r  the  reasoning outlined above 

and repor t s  the r e s u l t s  of simulation s tudies  in which the  response of a 



system with discontinuous rate compensation is compared with the response 

of the same system with bang-bang control. 

Development of Mathematical Model 

The system under consideration is shown in Figure 1. All parts of the 

system are assumed to be linear except for block n which is restricted so 

that 1.1 <l. If r is restricted to be a step function, the response of the 

system will be the same as obtained by letting r=O and setting the initial 

value of c equal to the magnitude of the step input. With r=O, the system 

- 

is equivalent to Figure 2. Thus the characteristic equation for the 

system is 

* ; + ( $ + n p 2 K 3 ) ; : + K l l z 2 c = o  (1) 

Introducing state variables, xl=c and x2=dc/dt, the state quatiom 

are 
. 
*t= x2 

- (B + nK2K3)xZ (2) %= K15xl 
Using the terminology of Athans,' the cost function L is equal to 

unity for minimum times response and the Hamiltonian is given by 

H = L +<&E> 

where <&E> represents the dot product of 

.. 
and E is defined by EH/axi = -pi, i = 1,2 

Expanding (3) 
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H w i l l  be an absolute minimum subject t o  I.\ 1 when 

n = sgn* p2K2K3x2 = sgn p2x2 (if I$ and K are both positive). 3 
This indicates  t ha t  n should be plus one o r  minus one depending on the  

sign of p x It now remains t o  determine when n should be plus one and 2 2' 
when it should be minus one. 

Using (4) and ( 5 )  

= - &/& = - p1 + p a p  4- p nK K P, 2 2 2 3  

Solving these simultaneously y ie lds  
0 .  

p - (B + nK K )p + K1K2pl = 0 
1 2 3  1 

Comparison of (6) with (l) shows tha t  the state var iables  d i f f e r  

from the cos ta te  var iables  E only i n  the sign of the damping term. Thus 

if x2 is a decaying sinusoid p 

with the same magnitude of t i m e  constant. 

is characterized by an overdauped response. 

w i l l  be an exponentially increasing sinusoid 2 
A similar re su l t  obtains if x2 

The sign of n depends on p2x2 and, if the equation of t h i s  product 

I n i t i a l  values of x2 are is known, the control function is determined. 

determined by the physical problem but i n i t i a l  values of p2 are not 

necessarily obtainable. Following Athans approach, an attempt would be 3 

nrrrda tn determine the maximum number of switchings tha t  can occur. It can 

be shown tha t  if the system is overdameped, the sign of p E can change no 
2 2  

more than twice. However, the change of n from +l t o  -1 may w e l l  result 

in an underdamped response in which case p x may change sign a large num- 
2 2  

ber  of t i m e s  before equilibrium is reached. (A l i m i t  cycle may be the 

Y 
I y\ 

* sgn y = 



equilibrium condition i f  both values of n yie ld  an underdamped system. 

i s  a l so  possible tha t  f o r  n = -1 the system wi l l  be unstable.) 

necessary to  select from a l l  possible n(p 

f o r  minimum H the pa r t i cu la r  n which r e s u l t s  in minimum t i m e .  

It 

It is  now 

x ) which s a t i s f y  the conditions 
2’ 2 

Determination of Optimum Switching Points 

Consideration of t h e  physical problem reveals t ha t  the  t i m e  to 

equilibrium w i l l  be theore t ica l ly  i n f i n i t e  regardless of the  f i n a l  value 

of n. 

var iab le  +E such t h a t  the system t rans ien t  may be considered completed 

at  a t i m e  beyond which the controlled var iable  does not exceed 

t h i s  paper < w i l l  be assumed to  be  5 percent of t he  s tep d r ive  magnitude. 

For t h i s  reason it is m o r e  realistic t o  specify a range of controlled 

- 
. In  

The necessary reasoning is  best  demonstrated by a mneerical example. 

If the plant  t o  be In Figure 1 let Kl = 1.62, p = 3, $ = 10, K3 = 0.4. 

controlled is represented by the  block containing %, and f3, equation (1) 

w i t h  n t 0 shows t h a t  the  response without tachometric feedback would be 

characterized by a damping r a t i o  of 0.37 and a natural  frequency of 4.0 

radians per  second. 

exhib i t  a 28 percent overshoot and a s e t t l i n g  t i m e  ( t o  5%) of approximately 

2.3 seconds. 

The response of such a system t o  a s tep input w u l d  

F i g u r e h  shows the system t r a j ec to r i e s  f o r  a var ie ty  of i n i t i a l  con- 

d i t i o n s  when n = +1 and Figure 3b shows the t r a j ec to r i e s  when n = -1. 

Minimum response t h e  f o r  a given i n i t i a l  condition i s  real ized when the  

area between the system trajectory and the  x 

shows the two sets of t ra jec tor ies  superposed. 

ind ica tes  that minimum t i m e  t o  5 percent is real ized i f  n is i n i t i a l l y  -1 

and is  switched t o  4-1 at the  intersect ion with the trajectory tangent t o  

t h e  negative s ide  of the 5 5 percent region. 

ax is  i s  maximum Figure 3c 
1 

Examination of Figure 3c 



Initial 
Value 
of c 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 

Initial 
Value 
of c 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 

initiai  
Value 
of c 

0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 

Table 1 

Comparison of Settling Time (to 5X) 

Bag-Bmg 
Sy8telD 

0.31 
0.45 
0.57 
0.67 
0.77 
0.86 
0.95 
1.04 

DRC System 
W/o Sat. With Sat. 

0. 50 
0.50 
0. SO 
0.50 
0.50 
0.50 
0.50 
0.50 

0.69 
0.50 
0.53 
0.57 
0.60 
0.63 
0.66 
0.69 

Table 2 

Comparison of Maximum Velocities 

3mg-Bang DRC System 
System W/o Sat. With Sat. 

2.68 
3.51 
4.15 
4.40 
4.70 
4.88 
5.00 
5.12 

1.8 1.8 
3.6 3.6 
5.4 5. 2 
7.0 6.5 
8.8 7.6 
10.6 8.7 
12.3 9.8 
14.0 10.9 

Table 3 

Comparison of Maximum Accelerations 

Bmg-Bang DRC System 
System w/o Sat. . With Sat. 

23.5 
26.0 
27.8 
28.5 
29.5 
30.0 
30.5 
31.0 

8.3 
17.0 
25.8 
33. 3 
42.5 
51.0 
58. 5 
66.5 

8.4 
16.3 
22.5 
29.0 
36.0 
44.0 
52.0 
58.0 
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Simulation Study 

In order to determine the relative effectiveness of this type con- 

troller the system was simulated4 on an analog computer and results 

obtained for a variety of initial values of xl, with x2 (0) = 0. 

tional "bang-bang" system having the configuration of Figure 4 was also 

simulated and studied for the same initial conditions. It was assumed 

here that amplifier Kj saturated at an output level of 1.62. 

A conven- 

In the analytical development it w a s  assumed that the entire system 

is linear except for the function n in the tachometric loop. 

done to make the mathematics more tractable. It seems reasonable, how- 

ever, that saturation of the K1 amplifier should be included if a meaning- 

ful comparison is to be made between the response of the flbang-bang" 

system and that of the discontinous rate system. 

level as in bang-bang operation was simulated on the computer and results 

obtained experimentally for the same switching sequence as used for the 

discontinuous rate system without saturation. 

studies are shown in Tables 1 through 3. 

is zero. 

and accelerations are in radians per second per second, 

This was 

Saturation at the same 

Some results of the computer 

Initial velocity in all cases 

A l l  time is in seconds, velocities are in radians per second 

In comparing the performance data it should be kept in mind that the 

switching point in the phase plane for the DKC syslcem is iiot partttu?arly 

critical. 

be a slightly longer response time but with lower overshoot. 

occurs too late, the response will exhibit more than five percent over- 

shoot and the time to five percent will be correspondingly longer. 

either case however the possibility of limit cycle operation is not present. 

For instance if switching occurs too early, the only effect w i l l  

If switching 

In 
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In some applications the five percent criterion for settling time may 

not be acceptable. 

can be realized simply by switching at the intersection with the n = +1 

trajectory corresponding to the desired overshoot. The area under the 

complete trajectory will be slightly smaller corresponding to a small 

increase in settling time. 

Examination of Figure 3c shows that smaller overshoot 

With these points in mind, examination of Tables 1 through 3 fndicates 

that the DRC system of control exhibits (at least for the numerical values 

used) some advantages over bang-bang control, with regard to settling time. 

The reduction in settling time is realized at the expense of higher maxi- 

mum velocities and accelerations. 

Conclusions 

For one type of system and one type of drive it has been demonstrated 

that the system with discontinuous rate compensation responds more rapidly 

than with "time-optimal" bang-bang control. 

the system must withstand higher velocities and accelerations. 

To realize this inprovement 
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AN INVESTIGATION OF THE EFFECTS OF RADIATION ON BaF2:Gd and SrF2:Gd USING 

THE ELECTRON SPIN RESONANCE (ESR) TEQINIQUE - D r .  D. W .  ldylie 

Problem 

a 

The purpose of t h i s  investigation is t o  determine the  e f f ec t s  of 

radiat ion on s ingle  c rys t a l s  of BaF2:Gd. 

properties,  a study of the crys ta l l ine  electric f i e l d  is of interest and 

in par t icu lar  the e f f ec t s  of ionizing radiat ion on c rys t a l s  is of i n t e r e s t  

i f  these materials are developed t o  t h e  point of being used in the space 

program. 

Since these c rys t a l s  have laser 

It is also of interest to further invest igate  the various charge 

compensation mechanisms which result from the  subs t i tu t ion  of Ga* fo r  

Ba*. 

displacements with ionizing radiation. 

c rys t a l s  so it would be of i n t e re s t  t o  see i f  the  radiat ion only changes 

the ionization state or  if, indeed, atomic displacements do take place. 

Results 

A th i rd  area of i n t e re s t  is the  poss ib i l i ty  of producing atomic 

This has been detected in other 

0 

Since the  last  report  the nature of t he  discrepancy between the spectra  

from di f fe ren t  c rys ta l s  has been resolved. 

seems t o  have a la rge  Fe- impurity content. 

spectrum which has been isolated.  

far the fd* ions has been modified and the  angular var ia t ion of t he  Fe 

spectrum has been theoret ical ly  computed. 

is reasonably good. 

was discovered tha t  one of the faces was  not a (100) as prescribed by the 

company. 

The t h i rd  or pre-cut c rys t a l  

This produces a f ive  l i n e  

The computer program original ly  wri t ten 

tH 

The agreement with the  experiment 

Another facet of the  discrepancy was  resolved when f t  

Further analysis  of the  e f fec ts  of radiat ion on the  c rys ta l s  is 

continuing. 
e 



THE RESPONSE OF GREEN F " T S  TO ARTIFICIAL GRAVAm AS SIMULATED BY 

ELECTROSTATIC FIELDS AND APPLIED POTENTIALS - D r .  G. it. Cooper 

Problem 

0 

The problem of weightlessness has been shown t o  be a serious one in 

space, 

t ransport  and development within the plant which would produce normal 

plant  responses under weightless conditions. Electrical f ie lds ,  magnetic 

f i e l d s  and e l e c t r i c a l  potent ia ls  w i l l  be applied singly o r  i n  combination 

t o  su i tab le  plants  and perhaps l a t e r  t o  animals. 

Results 

This project  would attempt t o  es tab l i sh  an a r t i f i c i a l  po lar i ty  of 

As a re su l t  of a favorable literature review and some exploratory work, 

a project proposal was drawn up for d i r e c t  submission t o  NASA, f o r  comment. 

This r e v i e w  was favorable and a more fu l ly  de ta i led  project  w a s  prepared 

and submitted t o  NASA as a formal proposal. 

Work is s t i l l  being carr ied on with support from the  University's 

i n s t i t u t i o n a l  grant.  

1. 

common clove o r  genetic pattern fo r  a l l  test plants.  

2, 

f o r  tes t ing .  

3. 

the  other t o  be used as a control specimen, 

4. 

stems of both the control and experimental plants. 

5 .  

given magnitude. 

A sumnary of the  procedures and results follow: 

Coleus cut t ings from a common parent are made and rooted t o  assure a 

A t  a height of approximately 20 cm. they are brought in to  the laboratory 

The plants  are always used in pairs! one t o  be subjected t o  treatment, 

The platfnum wire electrodes used are shaped t o  f i t  l igh t ly  around the 

An e l e c t r i c a l  po ten t ia l  is applied for  varying periods and a l so  of a 
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6 .  

t o  the  horizontal  and ve r t i ca l  axes of the plant.  

7. 

8. 

s l ides  prepared to deterdue the anatomical e f f ec t s  of the applied potent ia l .  

This study w i l l  be continued. 

9 .  

The test and control plants  are placed i n  various a t t i t udes  w i t h  respect 

Photographs are taken a t  intervals  t o  record the response of the plants.  

In one preliminary tes t  the p l a n t s  were ki l led,  embedded and microscope 

Effects of low voltage DC on stem growth. 

a. Potato plants  

1) Runs at  25 voltage DC between the  stem spex and i ts  base 

resulted i n  the formation of black bands in the  internodal 

regions. 

One run a t  25 voltage M: resulted i n  a stem growing hori- 

zontally instead of vert ical ly .  

2) 

b. Tomato p lan ts  

1) Runs a t  25 voltage DC with the s t e m  apex posi t ive gave ident ical  

r e su l t s  t o  those on potato. 

c .  Coleus plants  

1) Runs a t  25 voltage DC gave black bands io the internodal area 

as on potato and tomato. 

Micro-sections of the stems showed a plasmolysis and shrinkage 

of the  parenchyma cells i n  the black band regions. 

Runs at 5 voltage DC were sa t i s fac tory  in tha t  plants  which 

were grown i n  a horizontal posit ion did not exhibi t  the normal 

geotropic and/or phototropic response although the control plant 

reacted normally to both l i g h t  and gravity. 

2) 

3) 
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d .  Coleus plants’and their normal electrical potentials 

1) A Corning model 12 pH meter has been adapted to use as an 

electrometer for measuring the normal values of electrical 

potential in the plant. 

2) Two types of electrodes have been employed, plain platinum wire 

electrodes and a pair of calomel electrodes, It f s  planned to 

go to Ag-AgC1 electrodes in the near future. 

3) Electrical potentials of several Coleus plants are listed in 

the following table. 

Average electrical potential. of several Coleus plants 
between stem apex base in the vertical position or top 
and bottom s i d e s  of stem in a horizontal position. 1965, 

~ - _ _  ~- -~ ~~ 

Vertical Bora ontal 
Top to Base Upper side and to 
in millivolts lower, in millivolts 

69.5 30 

4) In each case the upper region of the plant was positive in  

relation to the lower portion. 

10. Relationship of project to Space Technology. 

a. The literature indicates that weightlessness presents real problems 

to living organisms, especially long-term weightlessness. 

b. The mechanisms of geotropic responses of plants have never been 

completely or satisfactorily elucidated. 

c. This project is aimed directly at both of the above -- its purpose 
is to counteract the adverse effects of weightlessness by the 

substitution of a reasonable counteracting bio-electric force. 



C O P Y  

January 14, 1966 

Dear Dean Curry: 

I n  
f might 

1. 

2. 

3. 

4. 

5 .  

response t o  your request for  fur ther  da ta  on my NASA project,  
add the following: 

Runs at 5 v o l t s  DC while sa t i s fac tory  under 12 hours of 
l i g h t  and 12 hours of dark were very quickly f a t a l  t o  the 
apica l  portion of Coleus p lan ts  under continuous dark 
conditions . 
Runs a t  5 v o l t s  M: were sat isfactory under continuous l i g h t  
conditions. 

Runs a t  1 vo l t  DC are  now in progress but d e f i n i t e  da ta  is 
not yet  available.  

The continuous dark a t  5 v o l t s  DC raises in te res t ing  
questions on the  whole subject of translocation within the  
plant  . 
It would appear t ha t  we have developed a new too l  fo r  the 
experimental determination of some of the  heretofore 
nebulous aspects of translocation within green p lan t s .  

Yours t ruly,  

George R. Cooper 



VARIATIONS IN BIOCBMICAL PROPERTIES OF A PH~SYNTHETIC PROTIST AS A 

mRJcTION OF ENVIR0"TAL CONDITIONS ZN CHEMOSTAT CULTURES - Dr. J. R. Cook 

Results of this research has been submitted fo r  publication as follows: 

1. Studies on chloroplast repl icat ion i n  synchronized Euglena. 

Chapter accepted for publication in the  book "Ce l l  Synchrony: 

Studies in  Biosynthetic Regulation," ed. I. W. Cameron and 

A. M. Padilla,  Academic Press, Inc. Probable da te  of 

publication June 1966. 

Photo-inhibition of cytokinesis associated with chloroplast 

morphogenesis Ln Euglena. Submitted to Nature for possible 

publication. 

2. 

When repr in ts  are available, copies w i l l  be sent to NASA. 



ELECTRON TEWEWURE -S FOR A RADIO FREQUENCY DISCHARGE IN A 

MA@lETIC FIELD - D r .  G. S. Harmon 

Object ive 

The purpose of t h i s  work has  been t o  obta in  meaningful va lues  f o r  t he  

e l e c t r o n  temperature of a rad io  frequency gas discharge in a steady, 

uniform q n e t i c  f i e l d .  

There were two reasons f o r  attempting t h i s  study: 1) t h e r e  is some 

quest ion as t o  t h e  v a l i d i t y  of probe d a t a  used t o  determine e l e c t r o n  

temperatures when used in t h e  presence of a magnetic f i e l d ,  and 2) such 

d a t a  as e x i s t s  does ind ica t e  a rise i n  temperature with increas ing  magnetfc 

f i e l d  f o r  a rf discharge,  in  con t r a s t  t o  a drop, for a dc discharge.  

Report on Research Progress 

We have made simultaneous temperature measurements using probes and 

The r e s u l t s  are shown in 

The r i s e  i n  temperature with magnetic f i e l d  is  

a microvave radiometer for a discharge in air. 

t h e  accompanying f igu re ,  

confirmed. 

It is proposed t h a t  t h e  mean f r e e  path of e lec t rons ,  h e r e  made t o  decrease 

a s  t h e  magnetic f i e l d  increases, drops below the  sheath th ickness  sur- 

rounding t h e  p robe .  Under t h i s  condition the  d i s t r i b u t i o n  of e l e c t r o n  

v e l o c i t i e s  s t r i k i n g  the probe is no longer  H a m e l l i a n ,  thus  leaving the 

np_slyni-s of prnhs data invalid. 

The two c u w e s  do not agree above approximately 700 gauss. 

Work i s  being continued t o  study t h e  e f f e c t  of varying t h e  e l e c t r o n  

d e n s i t y ,  . the  gas pressure, and t h e  exc i t i ng  radio frequency. 

a b s o l u t e  ( r a t h e r  than r e l a t i v e )  temperature measurements w i l l  be made with 

t h e  radiometer. 

Also, 



. 

- 

c 
C 
C 

f 
C 
C 

QI 
0 
0 

m 
0 
0 

w 
0 
0 
0 

c 
C 
ra 
rn 

e n  
C c 
1 

c I-- 
c w 

m 10 SD 

1 

& 0 h) 

1 1 I 

10 -- 
'\ 

\ 

A 

b- 
-? 
m 

+- 
P 
n 
C. 

--+e- 

x 

R m 



I THE FUNCTION OF ABNORMALLY W I L E  TISSUE MEMBBANES ZN FATIGUE-IHDUCED 

STRESS - D r .  J. A. Smith 

Introduction 

The objective of this research project  is  t o  study the e f f ec t  of 

physical stress on the  function of t i s s u e  membranes made abnormally f r ag i l e  

as a re su l t  of a d ie ta ry  deficiency of cer ta in  polyunsaturated f a t t y  ac ids  

known as the  essent ia l  f a t t y  acids (EBA). Previous work on t h i s  project  

has suggested t h a t  subjecting adequately nourished rats t o  physical stress 

fo r  48 hours increased their metabolic rate as measured by carbon dioxide 

production t o  a leve l  similar t o  that  observed w i t h  EFA deficient  rats 

regardless of the  condition of stress. This observation raised the  question 

I 
of whether ce l l - f ree  liver preparations would r e f l e c t  t h i s  e f f ec t  of stress 

-- in v i t r o  and, if 60, could t h i s  be the  r e s u l t  of faul ty  membrane s t ructure .  

It is well; known tha t  l i v e r  motochondria from EFA def ic ien t  rats 

exhib i t  an increased adenosine triphosphatase (ATPase) ac t iv i ty ,  a loss of 0 
respiratory control, and, under cer ta in  conditions, a dissociat ion of 

oxldatfon from phosphorylation(1). Furthennore, these aberrations have 

been shown to be accompanied by an abnormal s t ruc tura l  f r a g i l i t y  of the 

mitochondria. 

i n  mitochondria i so la ted  from BFA def ic ien t  rats are the r e su l t  of some non- 

It has been suggested tha t  the  biochemical defects  observed 

spec i f i c  aberration such as altered membrane s t ruc ture  ra ther  than with a 

lack of RFA a t  a spec i f ic  site i n  the electron transport  chain(2j. It then 

follows t h a t  t he  increased metabolic rate exhibited by stressed, adequately 

nourished rats i n  vivo could be, i n  p a r t  at  least, the r e su l t  of weakened 

mitochondrial membrane structures.  

The da ta  presented here would suggest tha t  mitochondria isolated from 

adequately nourished rats Vpich have undergone 48 hours of physical stress 0 
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exhibi t  several of the  biochemical defects  which are observed in mitochondria 

from EFA def ic ien t  rats but t ha t  the severity of the  les ions is  not as great 

as is observed in EFA deficimcy, 

the biochemical les ions observed in mitochondria isolated from EFA def ic ien t  

rats. 

Methods 

xn contrast  physical stress accentuates 

The d ie ta ry  treatment of t he  rats and t he  mode of appl icat ion of stress 

has been described previously (see progress report  O c t .  11, 1965), 

termination of stress the rats were injected intraperi toneal ly  with 20 uc 

ca r r i e r - f r ee  a ~ e t a t e - 1 - C ~ ~  and placed i n  a Both metabolism cage. Carbon 

dioxide w a s  col lected in  1 M NaOR a t  in te rva ls  Over a th ree  hour period. 

A t  the  

The rats were then k i l led  and t h e  liver removed and placed in cold 

i so tonic  sucrose soluticm. One half  of each l i v e r  was frozen for subsequent 

l i p i d  analysis; and the other half was used to make a 10% homogenate in 0.20 

M sucrose containing 0.05 M tris buffer pH 7.4. 

t he  l i v e r  homogenates was  determined by standard manometric techniques a t  

37°C. 

The oxidative capacity of 

Liver mitochondria were isolated from 10% homogenates in 0 2 0  H 

sucrose - 0.05 M tris buffer pH 7.4, by d i f f e r e n t i a l  centr i fugat ion a t  

2-4°C according t o  the  method of Schneider (3),  An al iquot  of the  isolated 

mitochondria wke resuspended i n  the sucrose solut ion fo r  the determination 

of t h e  oxidative capacity, phosphate e s t e r i f i ca t ion  activity, and ATPase 

activity. 

l i p i d  analysis.  

The remainder of the mitochondria were frozen for subsequent 

The media used In the  manometric analyses contained 4 0 p o l e s  phosphate 

buf fer  pH 7.4, 20 pmles magnesium chloride, 4 -le8 ATP, 0.08 poles cyto- 
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.I chrome c (horseheart, igma Co.), 0.5 ml o the mitochondrial suspension 

equivalent to approximately 1 mg N, substrate, and 0.20 M sucrose-0.05M 

tris buffer, pH 7.4,  Where a phosphate acceptor was required, 1 mg hexo- 

kinase and 9 reg glucose were added per flask at the expense of an equivalent 

volume of the sucrose-tria solution. The substrates e y e d  and the con- 

centrations of each were as follows: citrate and succinate, 45~1moles; 

a-ketoglutarate and glutamate, 30 p l e s ;  and fumarate and pyruvate, 15 

m l e s .  

i n  the center well. 

Total volume of the incubation mixture was 3 ml with 0.2 ml 10% KC?E 

The degree of phosphate esterification was determined by measuring the 

initial and residual inorganic phosphate in the incubation medium after the 

reaction was terminated by the addition of 1 m l  20% perchloric acid. 

Inorganic phosphate was determined by the method of Gomori (4). 

incubations were carried out for at least 15 minutes at 3OoC, 

These 

0 
The incubation mixture for the determination of mitochondrial ATPase 

activity contained 6,umoles ATP, 5,mioles magnesium chloride, 20 moles tris 

buffer, pH 7.2, 0.2 ml of the mitochondrial suspension and sucrose-tris mixture 

to give a total volume of 1 ml. The non-enzymatic hydrolysis of ATP was 

determined routinely by substituting an equivalent volume of sucrose-tris 

mixture for the mitochondrial suspension. The inorganic phosphate of the 

mitochondrial suspension was found to be insignificant and, therefore, this 

determination was not run routinely, 

ten minutes incubation time was determined by the method of Comori (4). 

The inorganic phosphate released after 

Mitochondrial nitrogen was determined for each mitochondrial suspension 

according to the method of Johnson (5). 
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0 Results 

Liver homogenates from EFA def ic ient  rats oxidized a-ketoglutarate 

and succinate a t  a markedly higher rate than did l i v e r  homogenates from 

rats receiving a dietary source of EFA (Table I). 

fumarate and glutamate was a l so  s l igh t ly  increased but the  oxidation of 

pyruvate showed no difference. 

stress on EFA deficient  rats resulted i n  a marked increase i n  the oxidative 

capacity of liver homogenates with a l l  substrates tested.  

stress was a l so  observed in liver honmgenates from adequately nourished 

rats which had been stressed fo r  48 hours. 

t o  stress, par t icu lar ly  with the  oxidation of pyruvate and succinate. 

The rate of oxidation of 

The imposition of 24 hours of physical 

This e f fec t  of 

However, there  was  e f f e c t  due 

Similar experiments using isolated l i v e r  mitochondiia gave analagous 

r e s u l t s  if a phosphate acceptor was not incorporated i n t o  the incubation 

medium (Table 11). 

w a s  not as pronounced as t ha t  observed wi th  l i v e r  homogenates. 

hexokinase-glucose as a phosphate acceptor system t o  the medium increased 

the  rate of mitochondrial oxidation of a l l  substrates.  In this case the 

highest  oxidative rate was obtained with mitochondria isolated from M- 

stressed, adequately nourished ra t s .  Liver mitochondria isolated from EFA 

de f i c i en t  rats showed a m a r k e d  loss of oxidative capacity which w a s  not 

accentuated by physical stress except when succinate w a s  used as a substrate ,  

A less severe loss of oxidative capacity was shown by l i v e r  mitochondria 

from adequately nourished rats which had been stressed for 48 hours. 

However, the increase i n  oxidative rate due t o  stress 

Addition of 

The decrease in oxidative capacity of the  l i v e r  mitochondria from EFA 

def ic ien t ,  stressed and unstressed rats was accompanied by a loss  of 

resp i ra tory  control  and an tncrease in mitochondrial ATPase ac t iv i ty  



t 

(Table 111). These e f f e c t s  of physical stress were also noted in the meta- 

bol ic  ac t iv i ty  of l i v e r  mitochondria from stressed, adequately nourished 

rats but again the  e f f e c t s  were much less severe than those observed in 

mitochondria from EFA def ic ien t  animals. 

EFA deficient  mitochondfi  also showed an impaired capacity t o  es te r fy  

phosphate in association with oxidation (Table IV). St re s s  appeared t o  

accentuate the degree of uncoupling of oxidation from phosphorylation by 

mitochondria from EFA def ic ien t  r a t s  but had l i t t l e  o r  no e f fec t  on the 

phosphorylating capacity of liver mitochondria from stressed, adequately 

nourished rats. 

f 
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Table I 

Oxidative Activity of Liver Homogenate8 from Stressed Rats 1 

I 
I 

Dietary Treatment Fat-Free 556 Corn Oil Fat-Free 5% Corn Oil 

Length of stress 0 
in hours 

0 24 48 

Sub strate ~1 02/hr/mg N 

iig3 115 155 120 2 Pyruvate 

WKetoglutarate 133 93 189 131 

Fumarate 109 85 146 102 

Succinate 

Glutamate 

173 1 30 228 137 

124 93 194 124 

1,. 

2, 0.6,~moles fumarate added. 

3. 

Ertperimental conditions as described in the text. 

Each value represents at least 6 determinations. 
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Table  I1 

Influence of EFA Deficiency and Physical S t ress  on the Respiratory 

Activity of Liver Mitochondria 1 

Dietary Treatment Fat-Free 5% Corn O i l  Fat-Free 5% Corn O i l  

Length of Stress  0 0 24 48 
In hours 

Substrate 

Citrate 

CJL 02/hr/mg N 

1402 172 140 138 

Succinate 442 549 312 41 7 

CY-Ketoglutarate 163 286 179 211 

Glutamate 205 372 2 32 269 

105 60 114 65 

10 6 59 115 66 

3 Or-Ketoglutarate 

3 Glutamate 

1. Experimental conditions were as Bldecribed i n  the text. 

2. Each value represents a t  l ea s t  5 determination. 

3. No phosphate acceptor systemwas added. 
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Table I11 
1 Effect  of Stress on Hitochondrial ATPase Activity and Respiratory Control 

2 
Dietary Treatment Hours of pnoles ATP s p l i t  Respiratory Control 

Stress 10 min./mg N a-Ketoglutarate Glutamate 

Fat -Free 0 2.74 

~- 

1.62 2 -12 

5% corn O i l  0 0 -89 4.94 6.21 

Fat - Free 24 4.14 1.41 1.92 

5% corn O i l  48 1.72 4.31 5.23 

1. Experimental conditions w e r e  as described in the  text. 
represents a t  least f ive  determinations. 

Each value 

2.  Respiratory control is  defined a5 the  r a t i o  of the  rate of oxidation 
i n  the presence of a phosphate acceptor t o  the r a t e  of oxidation in 
the  absence of a phosphate acceptor. 
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Table IV 

Ratio of Phosphate Esterified to Oxygen Uptake by Isolated Liver 

Mi t ochondr fa 1 

Dietary Treatment Fat-Free 5% Corn Oil Fat-Free 4% Corn Oil 

Length of Stress 0 0 24 40 
in hours 

Substrate 

Citrate I .  2 -56 0 -88 2 -39 

Succinate 1.20 1.58 0.98 1.51 

*Ketoglutarate 1.21 2 -65 1.27 2.56 

Glutamate 1.77 2.53 1-44 2.54 

1. 

2, 

Experimental conditions were as described in the text. 

Each value represents at least six determinations. 
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0 Discussion 

The da ta  presented here suggests tha t  24 hours of physical stress 

is suf f ic ien t  t o  markedly increase the  metabolic rate of l i v e r  homogenates 

from EFA def ic ient  rats. F u r t h e m r e ,  l i v e r  mitochondria i so la ted  from 

stressed EFA def ic ien t  rats showed a pronounced increase in ATPase ac t iv i ty ,  

l o s s  of oxidative capacity, and respiratory control and uncoupled oxidative 

phosphorylation. 

had been subject t o  48 hours s t r e s s  showed the same aberrations but t o  a 

lesser degree. 

Liver preparations from adequately nourished rats which 

The apparent conf l ic t  between the oxidative capacity of homogenates 

and isolated mitochondria from the four groups necessi ta tes  fur ther  dis-  

cussion. The relative rates o f  oxidation by liver homogenates and mito- 

chondria in the  absence of a phosphate acceptor system are in good agreement. 

However, when a phosphate acceptor system is incorporated i n t o  the incubation 

medium, the  highest  oxidative rate was obtained with mitochondria isolated 

from unstressed, adequately nourished rats. These r e su l t s  are i n  d i r e c t  

opposition t o  those obtained with e i t h e r  l i v e r  homogenates o r  isolated 

mitochondria without a phosphate acceptor. 

rate of mitochondrial respirat ion is dependent on the  ava i l ab i l i t y  of a 

phosphate acceptor system and tha t  a maximum oxidative rate is obtained in 

t he  presence of such a system. 

of rat liver mitochondria with phospholipase A resulted in an i n i t i a l  

st imulation of t he  respiratory rate followed by a rapid decl ine which co- 

incided with a breakdown in the  mitochondrial structure.  A decreased 

oxidat ive a b i l i t y  a l so  occurs with mitochondrial swelling and intramito- 

chondrial s t ruc tu ra l  changes ( 8 ) .  

Lardy ( 6 )  has shown t h a t  the  

Petrushka et a1 (7) found t h a t  treatment 

The decline observed in the  maximum 
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oxidative capacity of mitochondria isolated from EFA def ic ien t  and s t ressed 

control rats would suggest tha t  these mitochondria are abnormally f r a g i l e  

and undergo s t ruc tura l  damage, probably during the  process of isolat ion,  

That t h i s  s i tua t ion  occurs in isolated EFA def ic ien t  mitochondria has been 

suggested by Levin ( 9 )  and substantiated by Smith and DeLuca (1). 

The increase in t he  ATPase ac t iv i ty  of the l i v e r  mitochondria isolated 

from EFA deficient  rats, both stressed and unstressed, and the stressed 

control rats supports the concept t ha t  these mitochondria have sustained 

s t ruc tu ra l  damage. Fresh, undamaged liver mitochondrial preparations 

possess l i t t l e  or  no ATPase ac t iv i ty  and show the  highest  degree of oxidative 

phosphorylation (10). 

a c t i v i t y  and reciprocal changes in phosphorylating a c t i v i t i e s .  

increased ATPase a c t i v i t y  and extensive s t ruc tu ra l  damage as revealed by 

electron microscope examination of t h in  sections have been reported in ETA 

def ic ien t  mitochondria (1). 

the  present experiments could be the r e su l t  of the increased ATPase a c t i v i t y  

and uncoupled Oxidative phosphorylation. 

Aging the  mitochondria r e s u l t s  in increased ATPase 

Both 

The loss  of respiratory control  observed in 

It can be concluded from the present da ta  t h a t  physical stress 

accentuates the  biochemical defects observed i n  EFA def ic ien t  mitochondria. 

Furthermare, mitochondria isolated from adequately nourished rats which 

have been subject t o  48 hours of physical stress exhibi t  the same properties 

as do the  BFA def ic ien t  mitochondria but t o  a lesser degree. S i E e  the 

s t r u c t u r a l  f r a g i l i t y  of EFA deficient mitochondria can be re lated t o  the  

l i p i d  composition ( l , l l ) ,  investigation of the  e f f ec t  of stress 

chondrial l i p i d  composition is warranted. 

on mito- 
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An a b s t r a c t  of t h e  d a t a  incorporated into t h i s  r epor t  has  been sub- 

mitted t o  t h e  Federat ion of American Soc ie t i e s  f o r  Experimental Biology 

f o r  p re sen ta t ion  a t  t h e  annual meeting. A copy of t h e  a b s t r a c t  is appended. 
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OXIDATIVE CAPACITY OF MITOCHONDRIA ISOLATED FROM STRESSED 
ESSENTIAL FATq-ACID DEFICIENT RATS * 
Janet A. Smith and Arnold Sodergren (Spon: B. Poulton) 
Univ. of Me., Orono, Ma. 

Rats which exhibited the symptoms of the essential fatty 
acid (EFA) deficiency syndrome were subjected to physical 
stress by being rotated in a motor-driven drum up to the limit 
of their endurance. After the stress period the rats were 
killed and the metabolic activity of isolated liver mitochon- 
dria was investigated using standard manometric techniques. . 
Mitochondria from stressed EFA-deficient rats oxidized various 
of the Krebs cycle intermediates in the presence of phosphate 
acceptor at about the same rate as did those from unstressed 
EFA-deficient rats but at a much lower rate than did mitochon- 
dria from the control rats regardless of stress. This situa- 
tion was reversed in the absence-of a phosphate acceptor. In 1 

addition, mitochondria from stressed, EFA-deficient rats ex- 
hibited the highest ATPase activity of the four groups, a loss 
of respiratory control and an uncoupled oxidative phosphoryla- 
tion. Liver mitochondria isolated from control rats showed 
similar but less severe effects of physical stress. These 
+data would suggest tha: physical stress aggravates detrimental 
effect of an EFA deficiency on liver mitochondria and has a 
similar but less severe effect on mitochondria isolated from 
adequately nourished rats. (Supported by a grant from NASA) 
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EFFECT OF METABOLIC RATE AND LOADING ON TEMPERATURE R E G W I O N S  BNI) 

SURVIVAL IN A HIGHLY CONDUCTIVE ATNOSI?"U~ - Dr. C. W. Major 

Problem - 
The objective of the  project  is t o  determine whether changed metabolic 

rate o r  loading of rats exposed t o  a helium-oxygen atmosphere W i l l  sig- 

n i f  i can t ly  alter t h e i r  thermal maintenance. 

Experience in diving indicates helium can be subst i tuted for nitrogen 

i n  the gaseous composition provided for  astronauts. 

leak rate qual i t i es ,  s ignif icant ly  prolongs the l i f e  of e l e c t r i c a l  c o w  

ponents (due t o  i t s  high conductivity), does not form s igni f icant  radio- 

isotopes with cosmic bombardment and may w e l l  be posi t ively useful in 

reducing the  danger of lung collapse. 

Helium has superior 

Certain biological problems do arise with helium. There i s  an ectave 

s h i f t  in voice leve l  (which can be corrected electronical ly)  and the high 

conductivity causes problems i n  body temperature maintenance. 

metabolic rate or metabolic loading are increased in such an atmosphere 

w i l l  there be any s ignif icant  new problems or  advantages. It is  proposed 

t h a t  body temperature regulation i n  rats exposed t o  such an atmosphere be 

studied i n  animals of varying rates  of metabolism induced by manipulating 

thyroid hormone levels and t o  load these w i t h  forced intake of food both 

i n  the temperature l o s s  state and with thermal maintenance o r  constant 

thermal conditions. In man one must go t o  about a 93'F euvironment t o  

maintain body temperature. A t  t h i s  level  food loading can w e l l  be a serious 

fac tor .  

hyperthyroid rats. 

I f  body 

P i l o t  experiments i n  this area indicate  tha t  t h i s  can be l e tha l  in 
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Results 

The ra t  is  insulated t o  the point where only the respiratory tract 

and the t a i l  may serve as ef fec t ive  heat l o s s  surfaces. 

the animal i s  closely equivalent t o  a restrained, suit-insulated astronaut. 

The rat, however, has evolved toward cold resis tance with consequent heat 

s ens i t i v i ty  whereas man i s  normally heat r e s i s t an t  and cold sensit ive.  

When restrained, 

W e  have exposed rats t o  varied heat leve ls  under varying metabolic 

states - hyperthyroid, hypothyroid, and normal. 

been e i the r  air of 80% helium-20% oxygen (HELOX). 

survive temperatures above 38OC regardless of treatment. 

l eve ls  occurs i n  l e s s  than an hour with sudden change i n  respiratory pat tern 

from rapid breathing t o  a slow gasping. In air  with t h e  ambient temperature 

at  36OC one reaches the point a t  which metabolic manipulation is possible. 

The hyperthyroid survived fo r  45 minutes, t he  control for  80 minutes, and 

the hypothyroid survived fo r  14 hours when the experiment was  terminated. 

We w i l l  next run the  HELOX at  t h i s  temperature and work upward t o  see i f  

the  s i tua t ion  is  b e t t e r  with the more highly conductive gas. 

The gas environment has 

The animals do not 

Death at these 

Exposure t o  a stream of cold gas, i n  the  dark, i n  a s m a l l  insulated 

chamber, gives a good indication of res is tance of the animals t o  cold 

stresses. 

a t  22OC, we found only minor r ec t a l  temperature changes i n  a l l  metabolic 

groups. 

drop i n  a l l  the  groups w i t h  the  hypothyroid grorip showing the  grea tes t  and 

most rapid decline. 

there is a rapid temperature decline i n  both HELOX and air .  

s i t ua t ions  the hypothyroid is  the most sens i t ive  and the other two groups are 

less d i s t inc t .  The control and hyperthyroid groups in air show a tendency t o  

s t a b i l i t y  after an i n i t i a l  drop. 

hyperthyroid. 

I n  our test chamber, with a i r  as the  gas phase and the  temperature 

Under the  same conditions with HELOX there  was a rapid temperature 

We have extended t h i s  t o  15017°C and i n  t h i s  zone 

I n  a l l  of these 

I n  the =OX t h i s  pat tern is seen i n  the  
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UNIVERSITY OF MAlNE SPACE SCIENCE LECTURE AND CONSULTATION SERIES - Dr. B. 
R. Poulton 

Proposal 

Eminent persons involved in space science and technology at  the national 

level w i l l  be invited t o  Maine t o  in te rac t  w i t h  the  University coPlmunity i n  

a var ie ty  of ways. There would be lectures of i n t e re s t  t o  the  general 

facul ty  and the  student body, seminars for NASA trainees and investigators 

involved i n  NASA sponsored research, and opportunity fo r  extended discussion 

on an individual basis.  

By t he  lecture  series, we hope t o  increase in t e re s t  among students and 

facul ty  i n  space science and technology, and t o  assist researchers and 

students now engaged in these areas. 

Report of Progress 

The f i r s t  l ec ture  in this series was held on December 9,  1965. 

Roy Talmage of Rice University in Houston, Texas was  the  speaker. D r .  

Talmage's formal l ec ture  was on the topic of calcium and its metabolic 

importance. 

bone demineralization as it night be re la ted t o  physical stress such as 

weightlessness. 

number of the s t a f f  d o  are currently working on space science research 

projects .  

o the r  members of the general university research community. 

D r .  a 

I n  his lecture  Dr .  Talmage dea l t  with some of the  aspects of 

Irlhile D r .  Talmage was on campus, he held conferences with a 

D r .  Talmage 81130 consulted with several graduate students and 

The second l ec ture  w8S presented on January 4th by Dr. Stephen Brush, 

Physicis t ,  Harvard University. Dr .  Brush's formal lecture w a s  on the  subject 

of r a re f i ed  gas dynamics. H i s  lecture  dea l t  spec i f ica l ly  with the  properties 

of r a r e f i e l d  gases, t h e i r  e f f ec t  on the  lift and drag of an object of 8 given 

shape moving a t  a given speed. In h i s  presentation D r ,  Brush re la ted  much 0 



4 -' 
Poulton - 2 

0 of our knowledge of rarefied gas dynamics t o  original experimentation 

carried out on the radiometer. 

another lecture and a seminar for the chemistry group. 

consulted with a number of the members of our research community. 

while on campus Dr.  Brueh also presented 

Additionally he 

Additional lectures planned €or this academic year vi11 be in the area 

of human behavior related to  space travel, bio-engineering, lunar geology 

and a more general lecture on the future of space travel. 
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A BIO-ENGINEERING STUDY OF THE EFFECTS OF C02 

STRESS ON THE PHYSIOLOGY AND NUTRITION OF ANIMALS 

D r .  William H. Hoover, Principal Invest igator  
D r .  Bruce R. Poulton, Co-Investigator 

Department of Animal Sciences 

D r .  Edmund M. Sheppard, Principal Investigator 
Prof. Carleton M. Brown, Co-Investigater 

Department of Electr ical  Engineering 

General Statement 

The problems involved i n  respirat ion physiology i n  manned spacecraft 

have recently been reviewedO)uBols e t  a l .  1963). Carbon dioxide pressure 

i n  the capsule environment i s  known t o  a f f e c t  arousal s t a t e ,  performance 

level ,  radiat ion sens i t i v i ty ,  anoxea, and acclimatization t o  temperature 

var ia t ions  and changes i n  the p a r t i a l  pressures of atmospheric gasses. 

In a more recent review, (Roth 1964) E. M. Roth reported that begin- 

ning a t  p a r t i a l  pressures of 20 mm Hg of C02, ce r t a in  biochemical adapta- 

t i ons  take place i n  man, and tha t  beginning a t  partial pressures of 60 am 

Hg of C02 pathological changes are  encountered. Roth fur ther  generalized 

t h a t  6 

and beginning a t  10% C02, dizziness, stupor and unconsciousness a r e  

encountered. 

t o  10% C02 i n  the a i r  represents the zone of d i s t ress ing  discomfort 

Although a vas t  amount of information i s  avai lable  on the physiological 

e f f e c t s  of Co2 on clan and animals, there a r e  a number of areas of importance 

t o  the space e f f o r t  which require a t tent ion.  

The e f f ec t s  of C02 on the nutr i t ional  s t a t e  (voluntary food intake 

and food d iges t ib i l i t y )  of animals and man have not been thoroughly inves t i -  

gated. 

carbohydrate metabolism (Shaefer e t  al. 1954, 1955) and passage of food 

There a r e  indications i n  the l i t e r a t u r e  tha t  C02 may influence 
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through the digest ive t r a c t  (Cordier and Chanel, 1950 and Danhoff, 1954) 

Another area requiring investigation involves the e f f ec t s  of long- 
0 

term C02 exposure (of a week or more) a t  C02 l eve l s  ranging from atmospheric 

conditions t o  as high as 207.. This type of study would f a c i l i t a t e  collec- 

t ion  of valuable information on the animals' des i re  t o  consirme food and 

food d iges t ib i l i t y ,  on the extended physiological responses, on his to-  

pathological changes i n  the t issues  and on blood metabolite balance. 

The f i r s t  s tudies  by the Department of Animal Sciences were i n i t i a t e d  

i n  1963 by W. H. Hoover and B. R. Poulton. The project  w a s  en t i t l ed  

"Effects of increasing the C02 tension of inspired a i r  on nut r ien t  intake 

and digest ibi l i ty" .  The objectives of t h i s  project  were to  invest igate  

the e f f ec t s  on nut r ien t  intake and d iges t ib i l i t y  of exposing animals to  

Co2 levels of 4, 8, 12, 16 and 20% f o r  a period of seven days. 

0 Experimental Procedure 

Conduct of t h i s  experiment required construction of an open-circuit 

respirat ion chamber and purchase and in s t a l l a t ion  of the re lated equipment 

needed for measuring a i r  flow, a i r  sampling and analysis,  and metering 

co2 i n to  the chamber. A photograph of the chamber appears in f igure 1, 

and of the gas analysis equipment i n  f igure 2. 

The chamber was designed t o  f a c i l i t a t e  the use of sheep as the 

experimental animals. sheep i ~ s r c  c h e a e ~  hecause they are similar t o  man 

i n  metabolic size, basal metabolic rate and cardiac rate. 

Wether sheep weighing 130 to 150 l b s  were used. Each animal served 

as i t s  own control,  being placed i n  the chamber fo r  a period of seven days 

at normal atmospheric conditions. 

Feces were col lected for d iges t ib i l i t y  determinations. 

Chopped hay was fed and intake recorded. 

m e d i a t e l y  follow- 

ing the control  period, bott led C02 was admitted t o  the chamber through a 
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flow control valve, which enabled maintenance of a constant C02 l eve l  

within the chamber. 2 Compressed CO was used i n  an attempt to  maintain 

high C02 levels with a m i n i m a l  decrease i n  O2 tension. The exhaust gas 

from the  chambers was metered and sampled continuously by spirometers, and 

analyzed by e i t h e r  a Carpenter-Haldane apparatus o r  a Fisher-Hamilton gas 

par t i t ioner .  The feed and feces were analyzed by proximate analysis  

techniques f o r  d i g e s t i b i l i t y  determination. 

Experimental Results 

Thirteen trials a t  4, 8, 12, 16 and 20% C02 have been completed. A 

summary of the intake data appears i n  table  1, and of the protein and 

energy d i g e s t i b i l i t i e s  i n  tab le  2. 

Table 1. Feed Intakes a t  varying levels of Carbon Dioxide as a percent 
of the Control Intakes. 

Trial Number Carbon Dioxide oxygen 
Concentration concentration - 1 2 3 4 

x % 

4 19.8 104 . 5 97.1 128.4 ----- 
8 18.8 96.6 89.1 102.6 89.9 

12 ----- (a) 76.5 46.6 40.6 ----- 
...--e --.-- 16(b) 17.5 89.2 88.1 

(a j  Oxygen concentraklo1i.s --re r;=t dete?m_i_r?eA as the Fisher-Hamilton 

pa r t i t i one r  was malfunctioning and the Carpenter-Haldane apparatus 

cannot determine oxygen concentrations a t  these high carbon dioxide 

levels.  

(b) The apparent increase i n  intake over the 12% l eve l  is thought t o  

r e s u l t  from an acclimation period introduced a t  the 16% level .  
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Table 2. Comparison of the Proteins and Energy Diges t ib i l i t f e s  a t  the 
various Carbon Dioxide Levels Expressed as a Percentage of the 
Control Periods. 

0 
Protein Diges t ib i l i ty  Energy Diges t ib i l i ty  

Carbon Dioxide T r i a l  Number Trial Number 
Concert tra t i on  1 2 3 4 1 2 3 4 

- - _ _ I -  __L-  x 
4 -2.87 f3.00 ---- ---- -2.12 -6.29 ---- I--- 

When exposed t o  47, C02, appet i te  increased i n  several cases. No 

e f fec t  on vent i la t ion  rate was  noted. A t  the 8% carbon dioxide level, 

the  animals became dis t ressed for a short  period as indicated by 

hyperventilation. 

The 12 and 16% carbon dioxide leve ls  resulted in more marked hyper- 
0 

vent i la t ion and fcwer feed intakes i n  a l l  cases. In several t r ia ls ,  

however, the animals appeared t o  become acclimated to  t h i s  atmosphere 

w i t h  a return to  a more normal vent i la t ion rate. 

atmosphere the animals exhibited a period of l i s t l e s s n e s s  

feed intake f o r  about 24 t o  36 hours. 

Upon return t o  a noma1 

and lowered 

One sheep was exposed t o  20% carbon dioxide for 5 days. This animal 

showed marked hyperventilation and low feed intake 

l o s s  of 15 pounds. 

as veii as a WeigF~t 

One mortal i ty  w a s  incurred during the experiment a t  the 16% level. 

An autopsy revealed massive hemorrhages i n  the hear t ,  lungs and kidneys. 

The animals appeared more able to withstand the higher carbon 

dioxide levels if the levels were increased gradually ra ther  than abruptly, 

The following conclusions appear warranted: 
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1. The animals can survive, for periods of a t  least one week, 

a t  l eve ls  as high as 20% C02.  

A t  l eve ls  of 12% C02 and above marked physiological changes 

can be observed. 

The most obvious e f f e c t s  are increased resp i ra t ion  rate, 

decreased feed intake and decreased aler tness .  

There are some indications that a gradual increase i n  C02 

l eve l  t o  concentrations of 12% and above have l e s s  severe 

physiological e f f ec t s  than abrupt exposure. 

2. 

3. 

4. 

This work i s  currently being prepared as a thes i s  f o r  the degree of 

Master of Science by Mr, P, H. Knowlton. 

w i l l  subsequently be written, 

Current Research 

A manuscript f o r  publication 

In February, 1965, a project e n t i t l e d  "A bio-engineering study of 

the  e f f ec t s  of C02 stress on the physiology and nu t r i t i on  of animals" 

w a s  undertaken by Ilr. VJ. H. Hoover and D r .  B. I?. Poulton of the Animal 

Sciences Department, and Dr. E. M, Sheppard and Prof. C. M. Brown of the 

Electrical Engineering Department. 

e f f o r t  was  suggested by the r e su l t s  of the previous project ,  which indicate  

t h a t  animals may have the a b i l i t y  t o  adapt t o  high leve ls  of COa,  providing 

t h e  increase in  CO concentration is gradual ra ther  than abrupt. The 

major objective of the propose6 study was t o  subject t h i s  possible 

adaptation response t o  a more c r i t i c a l  examination, using both nut r i t iona l  

responses of intake and d iges t ib i l i t y  and physiological responses of 

h e a r t  rate and respirat ion rate a s  c r i t e r i a .  

The direct ion of the present research 

2 

Continuous monitoring of the physiological responses of an animal 

i n s ide  a resp i ra t ion  chamber for 7 days presented challenging engineering 
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problems. 

t o  the animal during the experimental period w a s  required. 

In addition, a respirat ion chamber which would permit access 

0 
The i n i t i a l  problem, that of measuring the physiological responsess 

is near solution. Professors Sheppard and Brown have been successful 

Sn obtaining an excellent ECG for  an extended period of time by means 

of electrodes implanted beneath the animals skin (see f igure  3) .  

The more d i f f i c u l t  p ro jec t  of determining the resp i ra t ion  rate 

of an unrestrained animal has also been accomplished. The basic 

pr inciple  employed here w a s  placement of a t h e m i s t e r  i n  the nasal 

passage of the animal which would detect  the temperature difference . 

between inhaled and exhaled air ,  It w a s  learned ea r ly  tha t  t h i s  method 

worked in  pr inciple ,  but keeping the thermister i n  place w a s  a problem, 

This probleut was  solved by means of a surgically fmplanted p l a s t i c  f i s t u l a  

through which the t h e m i s t e r  may be inserted and held i n  place. A 

photograph of a sheep with the nasal f i s t u l a  i s  shown i n  f igure 4. 

The engineering problems remaining f o r  Professors Sheppard and Brown 

are concerned with data handling and reduction, and chamber instrumentation. 

A respirat ion chamber which w i l l  permi t  access to  the animal during 

t h e  experimental period has been constructed i n  the Animal Sciences 

Department. 

chamber without opening the  main chamber to  room air. 

It contains an air-lock, which w i l l  permit access t o  the 
, 

The person enter- 

ing  the chamber will wear a face mask and breathe room a i r  through an 

in take  hose. 

photograph of the new chamber is i n  f igure 5 .  

The exhaled a i r  will a lso  be exhausted t o  the  room. A 

Experimental procedure 

This phase of the investigation w i l l  be divided in to  two periods. 

In the f i r s t  period control information w i l l  be col lected on each animal 
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in the chamber f o r  a period of seven days. 

a t  each co2 leve l ,  the animals w i l l  be abruptly exposed t o  l eve l s  of 

2, 4, 8, 12  and 16% C02 f o r  a seven-day period. 

Then, using three animals 

In the second period again using three animals a t  each C02 level ,  

sheep w i l l  be exposed t o  C02 gradually increased t o  levels of 4, 8 ,  12, 

and 16'16. The rate of C02 increase w i l l  be adjusted t o  require apprordn 

mately three days t o  reach each respective level ,  where i t  will then be 

held fo r  an additional seven-day data col lect ion period. 

Future Plans 

A proposal fo r  addi t ional  funds t o  broaden the object ives  of t h i s  

research has been made d i r ec t ly  to  the h'ational Aeronautics and Space 

Administration. 

the Effects of Carbon Dioxide S t ress  on the  Physiology and Nutrit ion of 

Animals" was submitted i n  July, 1965. 

Animal Sciences and Elec t r ica l  Engineering Departments with assis tance 

from the  Animal Pathology Deparhent. 

are: 

This proposal en t i t l ed  "A Bio-Engineering Study of 

It i s  a combined e f f o r t  of the  

The objective of t h i s  proposal 

1. To develop instrumentation capable of maasurllng and recording 

cardiac rate, respirat ion r a t e  and a le r tness  of animals isolated 

i n  resp i ra t ion  chambers f o r  continuous periods of seven t o  ten  

days . 
2. To study the e f f e c t s  on respirat ion r a t e  and hear t  rate of expos- 

ing animals both instantaneously and gradually t o  C02 leve ls  of 

2, 4, 8, 12, 16, and 20% fo r  a period of seven days. 

To study the e f f ec t s  of the specif ic  C02 exposures on the intake 

and absorption of protein and energy and t o  supplement these 

observations with s tudies  on the passage of food i n  the digest ive 

tract, and the l eve l s  of cer ta in  metabolites associated with 

appet i te  (blood glucose, blood v o l a t i l e  f a t t y  acids). 

3. 



8 

0 

4, To study the e f f ec t s  of exposure a t  spec i f ic  CO 

respiratory exchange. 

l eve l s  on 
2 

5. To perform complete necropsy examinations on animals immediately 

following t h e i r  CO 

changes supplemented with appropriate h i s to logica l  and h is to-  

exposure and t o  observe any gross organ 
2 

chemical studies,  

To develop data acquis i t ion and handling systems to support 6. 

the other object ives  of t h i s  study. 

PROGRESS BEPORT JANUARY, 1966 

Project  T i t l e :  A Bio-engineering Study of the  Effects  of C02 Stress  
on the Physiology and Nutrit ion of Animals 
NsG 338, R1083-23 

Departments: Animal Sciences and Electrical Engineering 

Principal  Investigators: W. fI. Hoover, Animal Sciences 
E. M. Sheppard, E lec t r i ca l  Engineering 

Co-Investigators: B. R. Poulton, Animal Sciences 
C. M. Brown, Electrical Engineering 

Supplement to  Report Submitted October, 1965 

The resp i ra t ion  chamber and re la ted  equipment constructed by the 

A n i m a l  Sciences Department has recently undergone t e s t ing  and modifica- 

t ions  and is now ready for the  i n i t i a t i o n  of experimental work. 

Work on instrumentation procedures by the Electrical Engineering 

Department i s  i n  the  f i n a l  phases and w i l l  be reported on by Dr. Sheppard. 
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THE DPIELr3SIONALITY AND COGNITIVE D V  OF CERTAIN SCIENCE AND MATffEMATIC 

PROBLEMS AM) THEIR RELATIONSHIPS TO COMTERGENT AND DIVERGENT THINKING TASKS 

AND ANXIETY - D r s .  F. W. Ohnmacht, G. T. Davis and John Lindlof 

Proposal 

The present invest igators  s t a r t  with the  assumption that achievement in 

both science and mathematics is multi- ra ther  than unidfmensbnal and t ha t  

the various dimensions d i f f e r  in terms of the  complexity and qual i ty  of 

thought required of subjects and tha t  such differences a r e  of some importance 

in both the prediction of success in and the select ion of students for 

various curricula.  

of an Fmpmved understanding of the nature of a b i l i t i e s  required and the 

processes u t i l i zed  by subjects in the  solution of mathematics and science 

problems. 

of two widely used achievement tests in t he  mathematics and science areas 

and t o  what extent each dimension is re lated t o  a sample of convergent and 

Of even mre fundamental importance is t he  poss ib i l i ty  

The present study would attempt t o  determine the dimensionality 

divergent thinking tasks  as w e l l  as generalized anxiety. 

study would attempt t o  gain insight i n t o  what is required of subjects t o  

answer problems sampling the dimensions obtained. 

Resu 1 t s 

Furthennore, the 

Some I n i t i a l  Surprises. while not a direct goal of the  present study, 

t o  date, some of i t s  most prof i table  outcomes have resulted from serendipity. 

That is, in searching f o r  one thing, other  things of equal or possibly 

grea te r  value have been found. 

programs (Moore & Ross, 1964) i n  f a r  off Aus t ra l i a  which have reduced the 

machine t i m e  needed fo r  the  factoring of large matrices by from one-quarter 

to one-third of t he  t i m e  needed with the programs previously available. 

This is no small saving since- the Australian program we have managed 

On t he  one hand, we have obtained computer 
I 
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t o  u t i l i z e  approximately 100 hours of machine t i m e .  

ce r ta in  theoret ical  questions involving the preparation of items f o r  

factor izat ion have presented the  investigation with undesired but ra ther  

in te res t ing  problems. 

On the  other hand, 

Since the  test items are dichotomized ( r igh t  o r  wrong) the  te t rachor ic  

correlat ion is  the  appropriate index of re lat ionship t o  in se r t  in the matrix 

of correlat ions among the items to  be factored. 

the ra t iona le  and formulae for  correcting 2 x 2 t ab les  f o r  chance success 

p r io r  t o  computing the tetrachoric correlation. 

y ie lds  a superior estimate of the t r u e  f ac to r i a l  overlap between items. 

Despite the  widespread acceptance and repe t i t ion  of Carrol's recommendation 

t o  correct t ab les  p r i o r  t o  computing te t rachorics  fo r  purposes of factoriza- 

t ion,  it seems tha t  it has not been well-heeded, We have been unable t o  

loca te  i n  the l i t e r a t u r e  a s ingle  instance of i t s  application! In part ,  

t h i s  is probably due t o  the recency of high speed d i g i t a l  computation aids  

s ince  the whole procedure is exceedingly laborious. 

least, other  problems seem t o  be confounded within the domain of our 

or ig ina l  concern. 

Carrol (1944) presented 

Presumably t h i s  procedure 

But, i n  our case a t  

For the factor  analysis  of mathematics items it w a s  decided t o  u t i l i z e  

corrected te t rachorics  i n  the matrix t o  be factor  analyzed. 

resul ted in a corre la t ion  matrix which yielded a Haywood Case, i.e,, one or 

more connnunalities were greater  than one. 

argued t h a t  when t h i s  s i t ua t ion  arises tha t  the offending communalities be 

allowed t o  converge t o  values greater than one on the  grounds tha t  t h i s  

merely implies t h a t  a var iable 's  unique p a r t  has negative variance. 

another way, the variable 's  unique factor  scores are imaginary. Conamon 

This decision 

Kaiser and Coffrey (1965) have 

Put in 
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factor  scores for  the var iable  would s t i l l  r e t a in  t h e i r  in tegr i ty .  

present no data  t o  support t h e i r  view, This, of course, raises the question 

of the  comparability of factor  s t ructures  obtained using corrected and un- 

corrected matrices produced from the same data. 

bother t o  correct?  

hoped t h a t  one of the two sets of data  available in the  present study w i l l  

be subjected t o  analysis of both the corrected and uncorrected matrices and 

the resu l t ing  factor  s t ructures  compared. 

They 

If  they are comparable, wby 

A t  this point, the  question is unresolved, but it is  

Mathematics T e s t  Analysis. The f i r s t  analysis  was  performed on the 

32 i t ems  of the Stanford Achievement T e s t  with the addition of two measures 

of convergent thinking (Verbal and Non-Verbal scores of the  Large Thorndike 

Intel l igence Test), two measures of divergent thinking (Word Association 

and Uses fo r  Things) and a measure of Manifest Anxiety, 

was factored consisted of corrected tetrachorics,  with the uni t ies  i n  the main 

diagonal. The pr incipal  axes method of factor  analysis  w a s  employed and 

factoring ceased when the l a t en t  root associated with a component was less 

than one following the recommendations of Kaiser (1960a,1960b), 

ponents meeting the c r i t e r ion  of having a root of one o r  more were retained 

and rotated t o  the varimax c r i t e r ion  (Kaiser, 1958). 

The matrix which 

A l l  com- 

Fif teen components m e t  the iarent  root criterion an6 ar'tar iiotatieii it 

w a s  apparent tha t  a substant ia l  number of these were e i the r  unique (a factor  

with only one variable  representing it) or doublets ( factors  with two 

var iab les  representing them). 

obtained. 

considered in successive stages of the study. 

Three unique factors  and seven doublets were 

None of these factors  is deemed as s igni f icant  and w i l l  not be 
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Of the remaining f ive  components, two are represented by three  variables,  

These components account for but a small amount of the  t o t a l  variance and 

w i l l  a lso be deleted from successive stage. 

factors  which have 12, 10 and 9 variables representing them (loading of 

.50). One of these fac tors  is a rather general fac tor  with substant ia l  

loadings fo r  Verbal and Non-Verbal I.Q., Word Association as w e l l  as a 

number of mathematics items. The other two fac tors  represent two other  

major dimensions underlying the mathematics items. 

awaits the completion of successive stages. 

This leaves three broad group 

Their interpretat ion 

As an empirical matter, measures representing anxiety, chronological 

age, and one aspect of divergent thinking (Uses for  Things) are essent ia l ly  

independent of t he  three large group factors.  

c i t ed  were ident i f ied  as unique factors. 

mathematic sub-test is c lear ly  pot unidimensional and a description of 

content of t he  test requires a t  leas t  three dimensions as represented. 

is, of course, not the way the t e s t  is  scored. 

up the  number correct  implici t ly  assumes a unidimensionality underlying the 

i t e m  content. 

In each ease the variables 

In addition, it can be said the  

Thia 

The usua l  method of to ta l ing  

This assumption i s  c lear ly  not tenable i n  the present case. 

Science Test Analysis, The analyt ic  procedures previously described 

were a l so  applied t o  the science test items of the Stanford Achievement Tes t .  

One exception was made in that uncorrected te t rachorics  were employed with 

the  hope tha t  another analysis could be undertaken using corrected coeffic- 

ients. 

multidimensional. 

can be said a t  t h i s  time. 

In any event the  r e su l t s  c lear ly  indicate  t h a t  the datapool is 

Since these resu l t s  have j u s t  come t o  hand, l i t t l e  more 
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The Future 

Present plans ce for the f o m l a t i n n  of an interview schedule which 

will contain items representing the various factors uncovered. 

responses of elementary school 2s w i l l  be content: analyzed to ascertain i f  

item representing said factors elicit differential responses w i t h  regard 

to selected aspects of divergent production, as well as identifying 

strategies employed by the respondents. 

Verbal 
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A STUDY OF ATTITUDES CONCERNING DEATH - D r .  G. M, Vernon 

Problem 

Research in the behavioral sciences has progressed rapidly, However, 

there  remain several "islands" of behavior which have received but l i t t l e  

. at tent ion.  Atti tudes toward death is one such area. The major objective 

of t he  proposed research is t o  secure s c i e n t i f i c  information about such 

a t t idues  and other  re la ted  behavior including procedures used to  adjust  

thereto. We need t o  know not only spec i f ic  a t t i t udes  toward death, but 

also the  configuration of soc ia l  correlates  of which each is a p a r t .  

Findings would be related t o  established theories  of human behavior and 

would be scrutinized hypotheses for more extensive future  study. 

In the  space program any fear of death is  compounded by the  fear  of 

t he  unknown. 

connected with occupational tasks  influences the  performance thereof. 

Limited research has already indicated tha t  removing some of the  taboo aspect 

from the  topic  by ta lking about it tends t o  reduce associated tension. 

It i s  w e l l  established tha t  concern with problems not d i r e c t l y  

0 

It would seem tha t  the more w e  can learn about a t t i t udes  toward death 

the  more effect ively w e  can function i n  s i tua t ions  such as the  space program, 

Results 

Attached is a copy of the research instrument, tha t  is a questionnaire, 

which has been developed . 



DEPAE!IXEIV OF SCCICJLOGY AND ANTHFtOF'OLOGY 
U N I V E B I T P  OFMINE 

This study invest igates  t h e  react ions wF?ich people have t o  death. 
most people have had experiences relating t o  death, very l i t t l e  research of this 
nature  has been done. It i s  f e l t  t h a t  mch benefi t  could r e s u l t  if t h e  general 
public and t h e  soc i a l  s c i e n t i s t  both had core  kr.owledge o f  w h i t  people ac tua l ly  
t hink about various aspects of death. 
t h i s  goal by answering the  following questions. 
your narre. 
accurotely reflects your personal feelings. 
Thanks for your help, 
Dr, Glenn M. Vernon, Head 
Dept. of Sociology and Anthrogology 
University of Maine, Orono, k i n e  

1. 

Even though 

You a r e  requested t o  kelp us i n  achieving 
You a r e  not asked t o  proaide 

You a r e  requested t o  indicate  the  answer t o  each question which nost  

The questionnaire should be returnei! to:  

--_--__-_-L-__CI_--___ __ ---~-~-----_------- -- --_--------- 
--------_-c--c-c--__-- ---------_-_------- --- -- _---- -------- 

Under which of  t h e  following conditions do you experience t h e  grea tes t  g r ie f?  - 1. When first not i f ied  of t h e  death - 2. Wh?n viewing t h e  deceased a t  the  wake o r  funeral  hoce 
- 3. During t h e  funeral  service i n  a chapel o r  church - 4 .  A t  graveside service - 5 .  After bu r i a l  - 6. Other. (Specify) - 
How frequently do you th ink  of your own death? - 1. V e r y  rarely - 2. Rarely __ 3. Occasionally __ ,$.Frequently -5. V e r y  

frequently 
Under what spec ia l  circmstances,  i f  any, do you nost of ten en te r t a in  
thoughts of your own death? 

2. 

3.  0 
4 ,  If you knew pos i t i ve ly  t h a t  there  was no l i f e  af ter  death i n  s t o r e  for you, do 

you th ink  t % a t  your r-ann'r o f  l i v i n g  i n  the  present l i f e  would be changed? - 1. - 3 .  Sl ight  change - 3. Considerable chanee - 4 .  Extensive cfianpe 

- 1. Yes - 2. No 

Please indicate  which of the  following bes t  expresses your concspt of i r s o r t a l i t y  
-1, Biological (through one Is chi ldren)  - 2. Sociai  (through work accorpiisnnants tna i i  l i v e  on i n  t h e  thou@~%s or̂  

t h e  l i v i n g )  - 3. Transcendental (bel ief  ghat l i f e  i s  but t h e  pre-condition of the  "true" 
l i f e  yet t o  cone) 

-4. Don't belime i n  i r c o r t a l i t y  o f  any sort. - 5. Other. (Specify) 

What have you done t o  prepare yourself fo r  your eventual death? 

V e r y  l i t t l e  i f  any change 

I 5. Do you feel  tha t  you could currently adequately face t h e  death of a loved one? 
3. Undecided 

I - 
6 ,  

Death is t h e  end. 

7. 
I 

8. Do yo2 have a strong wish t o  l i v e  a f t e r  death. e -  1. Yes - 2. No - 3. Undecided *--- ----_-___-- -- -_--- __-- - - -------- ---- .--- 

This research  is  supported by NASA Ressarch Grant No. NsG-338, Univ. of Maine. 
------_c_________-__--------------------- ------------_-- --- 
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9. Please indicate  t h e  r e l a t i v e  irportance of t h e  following itens i n  t e r m  of 
any f ea r s  you ray have concerning death by placing t h e  nui--ber "l" i n  t he  
blank preceding the  iter? you fear nost about t h e  death experience; the number 
rt2n f o r  t he  next i n  or3er of decreasing in tens i ty :  
- 1. 
-2. 

- 3.  - 4 .  - 5. - 6 .  - 7. 
a spec i f i c  incident or  d i sas te r ,  but as a general concept which applies 
universal ly  t o  a l l  humn beings? 

IF llNO", would you des i re  t o  do so? 

0 
I could no longer hayre any elrperiences 
I an uncertain a s  t o  what night happen t o  m i f  t he re  i s  a l i f e  a f t e r  
death. 
I an af ra id  of what Eight happen t o  ny body a f te r  death 
I could no longer care for  cy dependents 
My death would cause g r i e f  t o  lliy r e l a t ives  and f r iends  
A l l  ny plans and pro jec ts  would cone t o  an end 
The orocess of  dying d g h t  be painful  

10. Have you ever ser iously discussed t h e  subject of death--not i n  reference t o  

2. No - 1. Yes - 
1. Yes - 2. No - 3. Undecided __ 4. Later i n  l i f e .  - 

11. It has been suggested t h a t  a uni t  o f  study on the  "Dental hygiene of prief" 
be developed and taught i n  our schools, r-uch t h e  sa re  way t h a t  physical hygiene 
is  taught. 
- 1. - ?. 

3. 
4 .  

W h a t  do you think of this idea? 
I agree t h a t  t h i s  should be done 
I disagree. 
it i n  his o r  her own way. 
I disapprove of burdening the young with such uorbid subject nattsr. 
I don't f e e l  I %e considered t h i s  subject  s u f f i c i e n t l y  t o  express 
an  opinicn concerning it. 

Since g r i e f  is such a personal experience, each rust  handle 

. =  
12. Please specify any experiences which you feel have s ign i f i can t ly  modified 

your a t t i t u d e s  toward death. 

13. How rany tines have you ac tua l ly  seen a dead body before it was prepared 
by t h e  mortician? 
I_ 1. Never - 2. Once - 3. Twice -4. Three o r  Lore 

14.  How a n y  t i n e s  have you seen a dead body a f t e r  it was prepared by a nort ic iah? 

I n  t h e  n a t t e r  of disposal  of t h e  corpse, c e r t a h  c lasses  of t h e  dead are 

1. Never - 2. Once - 3. Twice 4 .  Three ti..- res or  r.ore - - 
15. 

soneti-ies denied t h e  usua l  r i t e s  or custollary treaireiit (place cf b1zrid; o t c ,  ) 
accorded t o  t h e  m j o r i t y  of t he  Eerbers of a society. 
d i f fe ren t ia t ion  is warranted i n  these na t t e r s?  - 1. I n  so re  cas's 
- 2. 
u_ 3. 

- 4 .  

Do you feel any 

No. 
Yes, because soc ie ty ls  value systers a re  thus reinforced and t h i s  nay 
serve, i n  sone cases, t o  d ic in ish  the  probabi l i ty  of deviant behavior,etc. 
Yes, because of econonic factors such a s  public expense, avai lable  
bu r i a l  area, etc.  

I see no b a s i s  f o r  any d i f fe ren t ia t ion  a f t e r  death. 

16. Do you approve of c remt ion  fo r  others? 
1.. Yes - 2. No - 3 .  Undecided - 

17. 

18. 

Would you approve of c re ra t ion  for yourself? 

Does t he  question of a future  l i f e  worry  you considerably? 

1. YgS - 2.No - 3. Undecided 

1. Pes - 2. No - 3. Undecided 

- 
- 
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19. Would you prefer  t o  know about t h e  future l i f e  positioelq., o r  would you p re fe r  
t o  have it l e f t  a Latter of f a i t h  or  be l i ? f?  - 1. Know Posi t ively 

and inevi table  f o r  a l l  huran bdngs?  - 1.Death is t h e  natural  end of all l i v i n g  0rganisr.s - 2. Death i s  a punishcent of rankind f o r  t h e  transpression of a divine law. - 3 .  Other (specify ) 

Do you feel t h a t  religious observances by t h e  l i v i n g  can somhow benefit t he  
state of those already dead? - 1. Yes - 2. No - 3. Undecided 

a f t e r  death? 
I_ 1, Pes - 3. No - 3. Undecided 

rest ser iously about Go?. - 1. Strong fear - 2. Mod9rate f e a r  - 3. Sl ight  f e a r  - 4. No fear 

om- death. - 1. This is true i n  q own experiences 

- 2. Left t o  f a i t h  o r  be l ie f .  
20. Which of  t he  following best expresses your concept of why death is universal  

21, 

22. Is it your personal belief t h a t  there  w i l l  be a future egistence of sorie kind 

23. Which of the  following best describes your general react ion when you think 

24. Sooe believe t h e  individual can conceptualize t h e  death of othersy but not h i s  
Which of t h e  following staterr-ents coL:es c loses t  t o  what you believe? 

2. 
3.  I never think about cy own death, except perhaps i n  reference t o  

provisions for ry survivors - 4 .  I never think about rly own death - 5. I ac t ive ly  avoid thoughts about ny own death. 

I feel I S n  conceptualize q own death 0 -  - 

25, 

260 

Do you anprove of t h e  custoz o f  open-casket viewing of t h e  deceased? 

I n  your pas t  experiences, at w h a t  age do you r e c a l l  having the  grea tes t  
1, Yes - 2. No - 3. Undecided - 

f e a r  of death? - 1 t o  5 years  of age 

- 10 t o  15 - 15 t o  2 0  
20 tc 25 

- 25 t o  30 

- 35 t o  40 - over 40 

- 5 t o  10 - 30 t o  35 

_L 

27, Have funeral  arrangeoents ( for  those now l i v i n g )  been discussed i n  your family? 

28. 
- 1. Yes - 3. No -3. Don 't know. 
If you have ever experienced bereaverenty did you feel - 1. constrained t o  conform t o  soc ia l ly  expected expressions of grief, sone- 

tires not i n  accord with your t r u e  feel ings - 2. the  expected behavior patterns f o r  this period sa t i s f ied  your needs - 3 .  an indescrible  "nunbness" which =?e you unaware of your behavior so 
that  you cannot describe it - 4 . Never exporienced bereavement 

If you net sor-eone who had l o s t  a loved one through death s ince your l a s t  
encounter with t h i s  person would you - 1. Mention t h e  death - 2. Wait for t hec  t o  riention the  death - 3. Prefer that no Bention o f  the death be nade - 4 .  Never considered this s i tua t ion  before, and do not feel prepared t o  

answer one way o r  t he  other. 

20. 

e i t h e r  par ty  



30. Do you approve of zercy k i l l i n g  i n  cases of extrer;e suffering? 
1.No 
2. In sone casGs 

a -  - - 3. Only if the l e t h a l  agent is self-adninistwed o r  rquest .ed by the pa t ien t  

31. How would you prefer  t o  d i e ?  -- 

3e . What do you consider t o  be a reasonable pr ice  t o  pay f o r  f ine ra l  services 
( a l l  inclusive: enbaluing, casket, f’uneral director,  service,  burial ,  bur ia l  
p lo t ,  etc. ) - $100 - $300 

300 - 600 - 600 -900 
900 - 1200 

- 
-- 

1200 - lS00 
1500 -. 2000 
Over $2000 

- - 
_I 

33. Do you feel tha t  i f  an individual is dying and is beyond any avai l -ble  nedical 
a id ,  t h a t  it i s  core desirable  t o  re’;3ove the  person t o  a hospi ta l  or  other 
i n s t i t u t ion ,  ra ther  than have t h e n  recain a t  hore? 
7 1. Pes, this is t h e  best  course for  a l l  concerned - 2. No, - 3. Undecided 

you would East l i k e l y  die? 

70pt iona l )  why? 

Death should be a t  hoEe, i f  a t  a l l  possible 

34 .  If you contracted a f a t a l  i l l nes s ,  do you feel you would want t o  be to ld  t h a t  

1. Pes -3- 2. No - 3. Undecided 

35 .  

36. 

Do you feel t h a t  cap i ta l  punishr:ent is warranted under any circwstances? 

If arrangemnts f o r  t h e  funeral  of a fani ly  nerber were l e f t  up t o p ,  

0 -  1. Yes - 2. No - 3. Undecided. 

which of t h e  following would you cos t  l i k e l y  consult f i r s t ?  - 1. A clereyrian - 2. Funeral Dir-ctor 
- 3. 
I_ 4* 

- 1. - 2. - 3. 

- 1. 
2. - 3. Undecided - 4 .  Othzr ( S p e c i e )  

f ea r  toward your own death? - Increase f ea r  -- Decrease f e a r  - No influence 

One of your close friends 
A close friend of t h e  deceased 

Which of the  following best  described you? 
Death was never explained t o  ue 
I don’t have any nenories of being exposed t o  death i n  r?y childhood 
My questions were generally answered t o  cy sa t i s f ac t ion  

3e l e f t  alone with r;y own thoughts 
APiefer to rsc-t-;e c ~ r ~ s s i o r ? a  ~f s y q ~ t - h y  of tfiose eround oe 

37. 

38. How would you prefer  t o  be t reated i f  you were rourning? 

- 

3Q. Have your rel igious experiences i n  general served t o  increase or  decrease 

40. Do you ant ic ipa te  reunion with your loved ones i n  an a f t e r l i f e ?  - - 1, Y e s  - 2. No - 3. Undecided 

41. fhve you ever had a feel ing t h a t  you were sowhow in t h e  presence of  God? 
a 

I_ 1. Yes, Iln sure  I have 
-2. Yes, I think t h a t  I hsve 
-3. No 



42. Have you ever had a feel ing of being punished by God f o r  sorething you have done. 
1, Yes, I'r sure I have 

0 
- - 3 ,  Yes, I think I have - 3. No 

43.  Which of  t h e  following stateLents cones clos-s t  t o  what you believe about God? - 1, I know God r ea l ly  ex i s t s  and I have no doubts about it. - 2. While I have doubts, I feel t h a t  I do believe i n  God. - 3. I find nyself believing i n  God sone of t h e  tize, but not a t  other t i nes  
-- 4 .  I don't believe i n  a personal God, but I do believe i n  a higher power 

- 5. I don't know whetnsr there  i s  a God an3 I don't believe the re  is any way 

- 6. 

of  soce kind. 

t o  find out. 
I Eon% believe i n  God. 

44. What i s  your evaluation of t h e  statei.*ent t h a t  the  devi l  actual ly  exists. -- 1. It is  cor-pletely true - 2. It is probably t r u e  -- 3. It is probably not true - 4 .  It is def in i te ly  not t rue  
BA CKGROUND INFOBMA T I  ON 

1, Age 2. sex 
' 0  7 

4 .  

5 .  

- Karried-Single-Civorced-Separa t ed-W idowed 
Religious a f f i l i a t i o n  (Pleare give the  spec i f ic  nane of your re l igious group-- 
not jusi "Protestant", etc. ) 
How would you describe your health history: 0 

Excellent I_ Generally good P.vsrage - poor - 
6. I f  vou consi jer  yourself t o  be e i t h F a  Decocrat o r  Republican, indicate  which 

Declocrat - Republican 
7. Are you a veteran? - Yes __ no 
8. 

9. 
10. Estinated far-5ly incoLe fo r  1965 (College students answer f o r  your parents'  

-- 
Religious a f f i l i a t i o n  of your parents 
Fat her Mother 
Occupation of husband (of fa ther  f o r  s tudents )  

inc0r.e ) 
I- Under $5,000 - 5,OCO t o  7,500 - 7,500 t o  10,000 

10,000 to 15,000 

Please add any coments you nay desire. 
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APPARArnS 

I n  s tudies  of classical conditioning the  behavioral a t t r i b u t e  which 

l i s  measured is, generally, a re la t ive ly  r e s t r i c t ed  member of a class of 

response events which i s  effected by the  unconditioned stimulus. 

Specifically,  one might wish t o  i so l a t e  a par t i cu la r  system such as the  

eyel id  response t o  a corneal a i r  puff. 

measure t h i s  r e l a t ive ly  minute ske le ta l  movement is t o  l i n k  some type 

of transducer d i r ec t ly  t o  the  eyelid of the organism and, e i t h e r  f i x  

the  transducer t o  the  head of t h e  organism (as i s  typ ica l ly  done with 

l a rge r  Ss, such as humans), o r  mount (i.e., physically ground) it 

external t o  2. 

s l i g h t  head o r  body movement can readily produce recording a r t i f a c t s .  

The technical  problem, then, is t o t a l  immobilization of the  beast  i n  

I 

One current ly  popular way t o  
I 

I 

I 

I 
I n  the  latter case, the 'noise' problem created by 

I order  to  prevent confounding responses. 
0 

A survey of several of the  attempts t o  successfully obtain such a 

r e s t r i c t i v e  condition with animals, par t icu lar ly  with laboratory rats, 

gives  some indicat ion of the  d i f f i c u l t i e s  associated with imposing con- 

s iderable  r e s t r a i n t  while permitting the  examination of conditioned 

behavior.2 Hughes and Schlosberg (1938) and B i e l  and Wickens (1941) 

u t i l i z e d  devices which, apparently, were insuf f ic ien t  t o  prevent t h e  

contr ibut ion of head, shoulder, and backward bodily movements t o  eyel id  

response protocols,  Lykken and Rose (1959) developed a device, incor- 

porating Ace-bandage wrap, which w a s  intended for  use with GSR recording 

i n  ra ts  and which likewise permitted considerable head movement. There 

exists a var ie ty  of other  techniques directed a t  permitting the  measure- 

I 
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ment of c lass ica l ly  conditioned responses i n  animals, however, the 

majority of them (e.g. Cowles & Pennington, 1943; Haggard &Thompson, 

1954) have nei ther  attempted, nor succeeded i n  obtaining, t o t a l  

immobilization. One noteworthy exception, is a device described by 

Schneiderman, Fuentes and Gormezano (1962) for  t he  recording of eyelid 

and eyeball movements i n  the  albino rabbi t .  
~ 

The present note describes a means of res t ra ining the laboratory 

I rat  (see Fig. 1) i n  order t o  p e r m i t  measurement of the eyelid response; 

one which eliminates head and body movements which would otherwise be 

superimposed on the response record. 

The animal rests upon a platform (see Fig. 2 )  with i t s  legs  hanging 
I 

f ree ly  through four appropriately placed holes. 

are res t r ic ted  by foam-lined U-clamps lowered around the body and over 

the  forelegs,  

i n  a bar mounted along the longitudinal axis. 

Gross body movements 

0 
I 

These clamps are  secured in posi t ion with thumbscrews set 

I 

A plexiglass device consisting of a 5/32-in. hole t o  locate  and f i x  

I 

I 
the  posit ion of 2's upper incisors, a bite-board t o  support the upper 

jaw,  and holes t o  receive the t i p s  of a padded snout U-bolt, is a l so  

i l l u s t r a t e d  i n  Fig. 2 .  This unit  i s  combined with the snout U-bolt and 

a s imilar ly  padded U-bolt behina the neck to immobilize the 'ne& region 

while retaining access to 2's eyes. 

on the  underside of the platform. 

Wing nuts secure the  snout U-bolt 

During research with the classical ly  conditioned eyelid response, 

t he  en t i r e  platform is  housed i n  a sound-deadened chamber, and supported 

within the chamber by means of foam-padded runners. The apparatus for  
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recording eyelid movements consists of a microtorque potentiometer, of 

the type described by Spence (1953), which is mounted beside S on the 

restraining platform. A rod is mechanically coupled to the shaft of 

the potentiometer and and free end attached to 2's upper lid structure 

by means of a drop of flexible collodion. The signal fromthe potentio- 

meter, generated by movement of the eyelid, may readily be amplified and 

recorded. In the course of conditioning (e.g., see Fig. 3), 2 s  have 

remained under restraint with little apparent discomfort for periods up 

to 90 min. 

One serviceable feature of this apparatus is that, in contrast to 

techniques which require that 2's legs be tied and made immobile (which 

may induce vascular damage), the present method allows such freedom of 

restriction of the legs that a similar use of a potentiometer may be 

applied for the measurement of limb responses (e.g., Caldwell & Werboff, 

1962). The present author also notes that it is his experience that, 

with practice, less than 1 min is required to secure 2, thereby allowing 

the use of a light anesthetic such as ether for "strapping-in." 
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h e  original development of this apparatus was undertaken while HCE 

was 8 National Institute of Mental Health Predoctoral Research Fellow at 

Pennsylvania State University. 

National Aeronautics and Space Administration (Grant No. WsG-338). 

Later work was supported i n  part by the 

'See Ball, Clayton and Mark (1966) for references to restraining 

dev ices  related to studies of operant behavior, 
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Fig. 1. Rat is shown completely restrained just prior to the 

placement of potentiometer rod on eyelid. 
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Fig. 2. Restraining device for use in the measurement of eyelid 

responses in  laboratory rats. 

8 
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Fig. 3.  Response probability in  20-trial blocks for subjects ( ~ 7 )  

receiving PAIRED CS-US presentations, and for subjects (rid) receiving 

MIXED, unpaired CS and US presentations. Differences in  mean response 

probabilities over blocks of t r ia l s  are significant with p < -01 

( F 4 O  .40, d f=l,  13) 
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NASA GRANT NsG-338 

Application for  Funds from 

University Space Research C o m m i t t e e  

Prfncipal Investigator: Dr, Harvey C. Ebel, Asst. Professor of Psychology 

- Date: January 31, 1966 

T i t l e :  

Sponsoring Instituion: 

Classical  Eyelid Conditioning i n  R a t s  

The University of Maine 

The present report  describes ac t iv i ty  and s t a tus  of the project  (Classical 

Eyelid Conditioning i n  Rats: 

1965 to  December 1965. 

Summary: 

Bioelectric Correlates) i n  the period from June 

A. Modifications of a rest raining device i n  order t o  permit f r e e  access 

t o  the  cranial region fo r  the purpose of electrode placement during condition- 

ing w e r e  completed. 

po ten t i a l s  from selected areas of t h e  ra t  cortex as w e l l  as stimulation of 

selected sub-cortical areas v i a  microelectrode or  micropipet placement, during 

the  course of conditioning. 

which has been accepted f o r  publication, is enclosed. 

Such modifications w i l l  allow monitoring of evoked 

A copy of the  re lated apparatus note @bel, 1966), 

B, Four m a l e  Wistar rats, trained fo r  s i x  consecutive days, showed 

s m a l l  increases i n  the  probabili ty of conditioned eyelid responses over 

sessions. 

previously (Ebel, 1965) with a buzzer, ra ther  than a pure tone, as a condi- 

tioned stimulus. Preliminary analyses indicated some changes i n  food intake 

and a general loss  i n  muscle tone over the  same six-day period. Substantial 

intraaession response decrements were par t icular ly  noticable over the f i n a l  

two days of the  t ra in ing  regimen. 

Overall response leve ls  were considerably lower than those obtained 
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C Six male Wfstar rats were randomly assigned t o  one of two groups. 

Group L (-3) received f l f t y  patted presentations of 600-cps tone a t  a sound 

pressure level  of 85 db (re: .0002 dynes/sq. cm. ) and corneal air-puff, and 

f i f t y  unpaired (i. e., no air-puff)  presentations of a 1500-cps tone. Paired 

and unpaired trials were presented in an unsystematic order, each day, for  

f i v e  consecutive days. Group H (-3) received f i f t y  paired presentations 

of the 1500-cps tone and f i f t y  unpaired presentations of the  600-cps tone 
- 

i n  a program otherwise ident ica l  wi th  t ha t  of Group L Nu d i f f e ren t i a l  

responding to the two s t imuli  was observed during t h i s  discrimination training, 

interms of response probability. Preliminary analyses indicate, however, t h a t  

responses t o  the paired stimulus (W) and the unpaired stimulus (S-) could 

be d i f fe ren t ia ted  on the  basis of response latency and puff avoidance. Specifi- 

cal ly ,  response latency t o  % w a s  generally longer i n  t i m e  such that it con- 

formed to the interstimulus in te rva l  (ISI) delay between tone-onset and puff- 

onset (or, i n  t he  case of unpaired trials, poten t ia l  puff onset). Similarly, 

the  combined charac te r i s t ic8  of latency and duration of the  eyeblink was such 

that eyelid c losure a t  the  t i m e  of puff-onset (or, potent ia l  puff-onset) resu l t -  

ed i n  a greater percentage of responses which successfully avoided puff-onset. 

D. A sling-type harness and a plexiglass head holder attached t o  the 

head by means of s t r i p s  of Velero tape, was developed for  use with dogs of 

t he  basenj i  strain. Experimentation with t h i s  apparatus was undertaken while 

t he  present writer w a s  a Visit ing Investigator at  the  Jackson Labs Hamilton 

S ta t ion  (Bar Harbor, Maine) from June 1, 1965 to September 1, 1965. Prelimin- 

ary d a t a  suggested that t h i s  procedure wi l l  permit the  recording of eyelid 

responses from medium sized mannnnls (such as dogs, sheep, etc.) in a re la t ive ly  

unrestrained situation. This research is not a formal p a r t  of the present  

NASA proposal, but does represent ancil lary interests which may develop Into a 

subs tan t ia l  contribution to  the  general body of knowledge included within the  

scope of the proposed research program. 
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CONCERNING STRICTLY SINGULAR OPBRATCJRS 

Mr. R. Bruce Mericle 

Department of Mathematics and Astronomy 

Problem 

It i s  proposed t o  study further s t r i c t l y  singular operators i n  normed 

l inea r  spaces. 

as an extension of a compact operator. 

d e t a i l  since 1920 and have found wide application i n  solutions t o  d i f f e r -  

e n t i a l  and in tegra l  equations. 

Introduction 

The notion of a s t r i c t l y  singular operator has been defined 

These have been studied i n  some 

In (3) Kato introduced the concept of a s t r i c t l y  singular operator, 

a generalization of the concept of a compact operator. 

f o r  X and Y Banach spaces the s t r i c t l y  singular operators form a closed 

subspace i n  the space of all bounded l inea r  operators fram X t o  Y and 

tha t  the product of a s t r i c t l y  singular operator with a bounded operator 

is  s t r i c t l y  singular, so that  when X = Y they fonn a closed two-sided 

ideal.  H e  fur ther  showed tha t  the Riesz-Schauder theorem held f o r  the 

spectrum of a s t r i c t l y  singular operator on a Banach space, 

H e  proved that 

It is a lso  shown in (3) that if X and Y are Hilber t  spaces then a l l  

In the general the s t r i c t l y  singular operators from X t o  Y are compact. 

case,  however, the s t r i c t l y  singular operators not  only f a i l  t o  be compact 

but s t r i c t  s ingular i ty  i s  not preserved under conjugation. 

and Thorp give an example of a s t r i c t l y  singular operator, which is not 

compact, and one where T is s t r i c t l y  singular but T' (the conjugate 

operator) i s  not. In ( 5 )  R. J. !&itley relates the s t r i c t  s ingular i ty  

of T t o  that of T', under cer ta in  conditions on the domain and range 

spaces. 

In (21, Goldberg 

In (4) I gave some of the  simple characterizations and propert ies  
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of compact and s t r i c t l y  singular operators, and a l so  showed how a closed 

In (4) operator can be closely compared to a s t r i c t l y  singular operator. 

also,  are d e t a i l s  of a result announced by Feldman, Gohberg and Markus (1) 

which is that the compact operators form a maximal idea l  in B(gp), 1 <peat 

the Banach space of bounded l inear  functions mapping ar, in to  i t  

Current Status  

0 

- -  
If. 

Hhat I have proposed is to  continue the research i n i t i a t e d  i n  (4) , 
and t o  see where the s t r i c t l y  singular operators f i t  in with some other  

operators that a l so  extend the compact operators. 

looking a t  the following classes of operators mapping a Banach space X, 

i n to  i t s e l f :  

In par t icu lar ,  I am 

1) AF(X), the almost-finite operators. An operator T is almost-finite, 

i f  it can be uniformly approxinated by operators having finite-dimensional 

range spaces. 

2) K(X), the compact operators. An operator T is  compact, if T(S) 

(Here, S denotes the u n i t  ba l l  of X.) 

An operator T i s  n-compact, i f  

is  compact in the  norm topology. 

3) s ( X ) ,  the  n-compact operators. 

the operator T" is  compact. 

4) PK(X), the poten t ia l ly  compact operators. An operator T is 

potent ia l ly  compact, i f  there is some integer  I, so that Ti fs ccmpact. 

5) IKK(x), the  weakly compact operators. An operator T i s  weakly 

compact, i f  T(S) is  compact in the weak topology. 

6 )  iJn(X), the weak-norm continuous operators. An operator T is 

weak-norm continuous, i f  whenever a sequence {XJ converges weakly 

t o  x, then Qk,} converges in  norm to  Tx. 

7) Operators T which a re  continuous and which a l so  map weakly 

compact sets in to  norm compact sets. 

0 
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8)  S(X),  the s t r i c t l y  singular operators. An operator T is s t r i c t l y  

singular i f  T i s  continuous, and i f  whenever T r e s t r i c t ed  to  a subspace 

M is  an isomorphism, then M i s  f i n i t e  dimensional. 

Ne f i r s t  note that operators 1,2,5,6,7,8 form idea ls  i n  B(X)j  and 

It tha t  we can.imbed 3,4 i n  the minimal closed idea l  containing them. 

is then noted tha t  AF(X) 5 K(X),  and tha t  K(X) is  contained in the other  

ideals,  (It is an unsolved problem as  to whether K(X) C AF(X), o r  not.) 

IJe w i l l  be interested i n  the following problems: 

a) A r e  a l l  of these ideals  necessarily d i s t i n c t ,  and under what 

r e s t r i c t ions  on our space X w i l l  any two idea ls  be equal? 

b) In par t icu lar ,  under what conditions w i l l  any ideal be a 

maximal ideal?  

we say anything about X? 

the aforementioned r e su l t  of Peldman, Gohberg, and Markus, 

concerning the maximality of R(X) i n  B( gp ). 

t ha t  the maximality of K(X) w i l l  impose a severe r e s t r i c t ion  

upon our spaces X, one condition being t ha t  X w i l l  have to  be 

Also, i f  K(X) i s  a maximal ideal  of B(X),  can 

This problem is of in t e re s t ,  due t o  

We w i l l  conjecture 

separable. 

c) S?e would a l so  l i k e  to know which idea ls  carry over in to  similar 

idea ls  of X', (the conjugate space of X), under conjugation, 

and what r e s t r i c t ions  on our space X will guarantee this.  

These r e su l t s  will be useful i n  comparing the s t r i c t l y  singular 

operators with the other usual operators which extend the compact 

operators. 

in a loca l ly  convex topological vector space, a problem which has some 

interest i n  the Theory of Distributions. 

Then we can possibly extend our r e su l t s  to operators act ing 
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Relation to  Space Science 

In r e l a t ing  these results to space science, we will point out t ha t  

these operators occur i n  the papers of T. Kato, Gohberg and Krein, 

S. Kakutani, R. S. Phi l l ips ,  K. Yosida and others,  where they came 

across these operators i n  the course of solving a pa r t i cu la r  in tegra l  

o r  d i f f e r e n t i a l  equation. 

d i f f e ren t i a l  equation i n  a Banach space context leads t o  a simplification 

of the problem involved. 

do arise (3), we would l i k e  to know more about them, and a t  the sane t h e ,  

to  carry out a general investigation of ce r t a in  idea ls  t ha t  occur i n  B(X) .  

Frequently, the placing of an in tegra l  o r  

In t h i s  respect,  since we know t ha t  the operators 
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January 8, 1966 

Dean T. H. Curry 
Space Research Chai rman 
Boardman Hall 
campus 

Dear Dr. Curry: 

In reviewing my November report, I f ind that it is  q u i t e  complete 
as it stands. 
I note  that: 

B e i n g  spec i f ic  as to the problems out l ined on page 3, 

1) The idea l s  introduced on page 2 are, in general, d is t inct .  
A recent paper by Lacey and Whitley (1) reviews p a r t  of the problem, 
and also compares Idea ls  K(X), WK(X), *(IC), and S(X), as defined in 
my report. 
see where i t  would be helpful i n  my own work. 

I am i n  the  process now of reading the  above paper to 

2) We note tha t  under cer ta in  strong conditions on our 
space X t he  idea ls  K(X), WK(X), Wn(X), and S(X) can al l  be maximal. 
The problem is  to f ind  the weakest condition on t he  Banach space X, 
i f  possible. 
beyond w h a t  appears i n  the papers (l), (4), and ( 5 )  of t he  previous 
report. 

so f a r  not much work has been done i n  t h f s  area, 

It goes without saying that any r e su l t s  obtained by m e  w i l l  
be incorporated i n  my f i n a l  report  t h i s  c d n g  Juna  

I hope tha t  this w i l l  meet with your approval. 

c ? n ~ o r n l v  yours_. 
c------ --* 

R Bruce Mericle 

1) Lacey, E. and Whitley, R J.: Conditioas under whicb a l l  t he  
bounded l inea r  maps are compact. Math. Ann. 158(1965), 1-5. 
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INVESTIGATION OF PARAPETERS E"DAMEHllL TO OPTIMIZATION OF DRAG TURBINES - 
D r .  W. L. Schneider and Prof. J. G. Klawuhn 

Prop os a1 

The object ive of t h i s  investigation is t o  gain an understanding of 

the flow mechanism and basic pr inciples  of the  drag turbine. 

So l i t t l e  is known concerning the mechanism of energy t ransfer  and 

flow in  a drag turbine tha t  much work remains t o  be done. 

t ha t  an experimental model which would allow the blade depth aad channel 

dimensions t o  be varied would r e s u l t  i n  a b e t t e r  understanding of the para- 

meters which optimize t h e  "drag" on the  turbine wheel. 

It w a s  decided 

Drag turbines are r e l i a b l e  even when operating with high temperature 

gases carrying foreiga p a r t i c l e s  and can be driven by bleed-off from 

rocket motors. When size, weight, cost, and r e l i a b i l i t y  a r e  a consideration, 

as they are i n  space application, drag turbines can be used for  intenni t tent-  

duty o r  for any application except those which require the optimum use of 

ava i lab le  energy. 

Results 

Minor modifications have been incorporated in to  the  design of the  ex- 

perimental model mainly t o  f a c i l i t a t e  disassembly of the  model €or ease of 

i n t e rna l  configuration change. 

described in the  precdfiig t e~or t .  

This i n  no way changed the basic design 

Vendors, within a reasonable radius, were investigated fo r  the  model 

fabr ica t ion  and found t o  be saturated with work from other sources. The 

r e s u l t  of this would be poor delivery dates  (as w e l l  as unreasonable bids). 

A t  the  same t i m e  it became apparent t ha t  there  would be machine man-hours 

ava i lab le  at the  University which would r e su l t  in a considerably saving of 

time and money. It was decided t o  ava i l  ourselves of t h i s  opportunity. 
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A l l  materials have been ordered and received and machining of the 

model pa r t s  has begun, 

Through negotiation w i t h  the  Worthington Corporation a drag pump has 

been received as a g i f t  t o  the  Department of Mechanical Engineering. This 

pump w i l l  be used as a loading device €or the experimental turbine. 

Contact has  been made with vendors concerning supplies and equipment 

necessary for t he  experimental setup. Orders for these items w i l l  be placed 

shortly. 

It is anticipated t h a t  during the  next few months the model and 

experimental setup w i l l  be completed and t h a t  i n i t i a l  de-bugging runs w i l l  

be made, Collection and analysis of  da ta  will continue next summer. 



THE EFPECT OF REPEATED ROLLING COWTACT STRESS FIELDS ON THE MICROSTRUCTURE 

OF HIGH CARBON MEDIUM HARDNESS STEEL - Professor J. R. Lyman 

Prop o s a 1 

0 

The mechanism of i n i t i a t i o n  of p l a s t i c  deformation leading t o  surface 

fat igue spal l ing in ro l l i ng  contact is sought. Specimens whose geometry 

allow a complete mathematical def ini t ion of the  contact stress have been 

b u i l t  from 52100 steel quenched and tempered t o  47 Rockwell C. Pairs are 

current ly  being operated in pure ro l l ing  under careful ly  controlled load, 

speed and lubricat ion conditions in the M.E. Research Laboratory. 

r o l l i n g  contact test machine has been designed, developed and b u i l t  at  the 

University of Maine. The problem is t o  define the  charac te r i s t ic (s )  of 

the  stress f i e ld  responsible fo r  localized microstructural breakdown of 

t he  spechens  when the  stress magnitudes are such tha t  a mechanics defined 

l i m i t  of elastic behavior of the  material is not exceeded. 

The 

0 
I f  a basic mechanism of failure i n i t i a t i o n  i n  ro l l i ng  can be related 

t o  a stress character is t ic ,  del iberate  means may be sought t o  obviate the 

damaging stress factor.  

loaded devices i n  any f i e ld  of endeavor. 

Progress Report 

1. The Do A l l  Company successfully demonstrated the  a b i l i t y  of t h e i r  Model 

DH-612 precision surface grinder t o  machine the torus  and cylinder so as is0 

expose the  pr incipal  plane of ro l l ing  of these ro l l i ng  contact specimens. 

The dis tance from the reference edge of the  specimen t o  the  center  of the 

r o l l  path w a s  estimated using the Tukon microhardness tester microscope and 

precis ion microton stage with the ro l l ing  contact specimen mounted on it. 

This w i l l  be of value t o  the designers of contact 

The grinder f in i sh  ground an exposed p lane  t o  within O.OOO1'~ of the  * spec i f ica t ion  given. 
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A s  a r e su l t  of this work a Model DH-612 Do A l l  Surface Grinder was  

purchased by the  Mechanical Engineering Department with t h e  assis tance of 

t h i s  project.  

required of specimens tes ted during the spring and summer of 1966. 

It w i l l  be i n  operation i n  t i m e  t o  do the  precis ion grinding 

2 .  

Chicago on Nov. 8,  1965 w a s  attended by the  pr inc ipa l  investigator.  

r e s u l t  of a discussion of one of the papers given there, a paper en t i t l ed ,  

"Reversing Normal Strains Produced by Rolling Contact Load," was  prepared 

from the ana ly t ica l  work done on t h i s  project .  

Edi tor  of ASME around Dec. 1, 1965 and i ts  s t a t u s  with him is as ye t  

unknown. 

The Rolling Contact program of the ASME F a l l  and Winter meeting in 

As a 

It w a s  submitted t o  the  

3. 

machine vas disassembled and moved to  a new location. 

t h e  problems associated with t h i s  move i s  nearly complete and limited 

t e s t i n g  should begin shortly.  

Due t o  a rearrangement of Mechanical Engineering laboratories,  the test 

The solut ion of a l l  


